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INTRODUCTION 
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T h e H u m a n E r y t h r o c y t e M e m b r a n e 
The human erythrocyte membrane is the best understood 
among the biological membranes, in view of the ready availability 
of erythrocytes and ease of membrane preparation. It has long 
served as a convenient model for the testing of new concepts and 
methodologies in membrane biochemistry. 
The erythrocyte membrane is composed of about equal 
amounts of lipids and proteins. The carbohydrate components of 
the red blood cell membrane are confined ,to the exterior surface 
as oligosaccharide moieties of glycolipids and glycoproteins 
(Sweeley and Dawson, 1969).They are for the most part responsible 
for the surface charge and surface determinant properties. It is 
well known that the rbcs have a large negative C|harge at their 
outer surface (Cook ^ , 1961), contributed primarily by 
carboxyl groups of the sialic acid residues which are associated 
with the major rbc membrane glycoproteins (Eylar ^ al.. 
1962). Glycolipids constitute about 5-10 % by weight of the total 
lipids. 
The first systematic separation of rbc membrane proteins 
was described by Fairbanks ^ (1971). These workers 
designated the various polypeptide components by numbers, 
according to their mobility in polyacrylamide gel in the presence 
of SDS. This nomenclature is now widely accepted. Extensive 
literature is available on the nature and function of the 
principal polypeptides of the human erythrocyte membrane 
(Juliano, 1973; Haest, 1982; Bennett, 1985). Only a brief account 
of the available information on these polypeptides is, therefore, 
presented. 
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Membrane Polypeptides 
Spectrin (band 1 and 2) - Spectrin is the major component of the 
human rbc membrane and occurs as a stable dimer of two similar 
but chemically distinct polypeptides. The two polypeptides, 
bands, 1 (Mr 240,000) and 2 (Mr 220,000) are oriented as parallel 
and intertwisted chains (Marchesi, 1979) forming 10 nm long and 
2.5 nm wide rods (Shotton ^ 1979). Spectrin is believed to 
be at least tetrameric in situ and the association of dimers 
occurs end to end (Morrow and Marchesi, 1981). Dissociation of 
spectrin to dimers leads to the fragmentation of cytoskeleton 
(Liu and Palek, 1979). 
Ankyrin (band 2.1, 2.2 and 2.3) - Band 2.1 (Mr 210,000) is found 
in situ in the monomeric form (Bennett and Stenbuck, 1980). The 
band 2.1 polypeptide is believed to connect membrane skeleton 
with band 3 of intrinsic domain (Morrow ^ , 1980). However, 
not much is known about the structure and associations of bands 
2.2 (Mr 183,000) and 2.3 (Mr 105,000) (Siegel ^ al., 1980). 
Band 3 - Band 3 is the major intrinsic protein consisting about 
50-60 % of the total intrinsic proteins. It is an inorganic anion 
transporting protein of Mr 95,000 (Cabantchik et , 1978) and 
is believed to exist as dimers and to some extent as tetramers in 
the membrane (Nakashima ^ aJL. , 1981). This protein transverses 
the rbc membrane and has an outer glycosylated domain and an 
intracellular domain, which is not glycosylated. Extensive 
literature is available on the structure, organization and 
function of this protein (Jay, 1976; Low, 1986). 
Band 4.1 - The band 4.1 of Mr 78,000 is a globular molecule of 
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6 run diameter (Tyler et al., 1979). Band 4.1 is believed to 
participate in the interaction of spectrin with actin (Wolfe ^ 
al. , 1980). Each spectrin dimer has one binding site for band 
4.1, located at the free end of dimer-dimer complex (Tyler ^ 
1979). 
Band 4.2 - This corresponds to the protomer (Mr 72,000) of a 
tetrameric protein of unknown function. Band 4.2 polypeptides 
remain associated with the cytoplasmic region 'of band 3 (Land 
and Nermut, 1980). 
Band 4.9 - A further putative component of membrane skeleton is 
band 4.9 (Mr 48,000). Liu and Palek (1979) have reported its in 
situ association with band 2 of spectrin. 
Actin (Band 5) - Band 5 polypeptide (Mr 43,000) is also a 
component of membrane skeleton and forms short oligomers 
containing about 10 molecules in filamentous form (Brenner and 
Korn, 1980). Each spectrin tetramer has two actin binding sites 
at the free end. This polypeptide has been shown to play a major 
role in shape change of rbcs. 
Band 6 - This is the monomer of glyceraldehyde-3-phosphate 
dehydrogenase. This enzyme is a tetramer of Mr 35,000 subunits 
which binds to spectrin-actin complex and to band 3(Yeltman and 
Harris, 1980; Murthy ^ , 1981). It binds loosely to the 
membrane and can be readily eluted with high ionic strength 
solution (Fairbanks ^ , 1971). 
Band 7 - Band 7 protein of Mr 29,000 has not yet been fully 
characterized and it is also not clear as to where and how it is 
arranged in erythrocyte membrane. The phosphatidyl serine (PS) 
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transporter protein of human erythrocyte membrane has been shown 
to co-migrate with band 7 protein (Connor and Schroit, 1988). 
In addition to these polypeptides, there are a number of 
glycopeptides embedded into lipid bilayer of rbc membrane. They 
are designated as PAS-1, PAS- 2, PAS-3 and PAS-4 (Fairbanks ^ 
al., 1971). Among PAS - positive polypeptides, glycophorin A, is 
the major one and constitutes about 75 % of the total sialoglyco-
peptides of the membrane (Furthmayr ^ , 1975). The work has 
also been extensively reviewed (Marchesi ^ .^.,1976; Bennett, 
1985) . 
Cytoskeleton 
The human rbc membrane is decorated at the cytoplasmic 
surface with a densely packed spectrin-actin skeleton. From 
microscopic pictures and calculations it can be derived that the 
membrane skeleton covers 50-70 % of the membrane surface. The 
membrane skeleton was originally defined as the protein filamen-
tous matrix of the same dimensions as the originating ghost that 
remains after extraction of the lipids and intrinsic proteins 
from intact erythrocytes or ghosts using Triton X-100 (Yu ^ al., 
1973). Subsequent purification of the skeleton gave a lipid- poor 
(1-2 %) protein band containing beside spectrin (band 1 and 2), a 
number of peptides and band 5 (Sheetz, 1979). This composition 
represents the minimal number of bands necessary to maintain 
stability of the skeleton. Stabilization of the skeleton 
components within the network probably occurs via non-covalent 
bonds of varying affinity as well as by electrostatic repulsions 
of negatively charged spectrin molecules. 
Although the membrane skeleton restricts lateral mobility 
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of intrinsic proteins, cytoskeleton is a highly shear deformable 
lattice. This is evidenced by the extreme deformations of the 
cell in circulation as well as by deformations 'induced by drugs 
and other substances. The membrane skeleton can be viewed as 
being constructed around spectrin. Spectrin tetramers are 
involved in two independent classes of protein associations that 
are both essential for the final structure for (a) formation of 
the two dimensional meshwork underlying the lipid bilayer, by 
associations with actin oligomers, band 4.1 and possibly other 
spectrin molecules and (b) linkage of the spectrin actin-meshwork 
to integral membrane proteins via association with ankyrin and 
possibly band 4.1 ( Fig. 1 ). 
Assembly of a meshwork requires some types of polymeri-
zation reactions leading to branched structures. A frequently 
discussed arrangement of proteins (Cohen and Langley, 1984) invo-
lves a basic structural unit composed of actin filaments, 
containing 12-17 actin monomers and accessory proteins such as 
band 4.9 and tropomyosin, which are attached at the ends of mult-
iple spectrin tetramer/band 4.1 complexes( Fig. 1 ). These actin-
spectrin complexes can then assemble to form a branching poly-
meric structure by interconnections between the free ends of 
spectrin tetramers and other actin oligomers.lt has been proposed 
that self assembly of spectrin into hexamers and higher order 
oligomers from erythrocyte membrane initiates polymerization of 
G-actin ,by a cytochalasin inhibitable reaction and thus these 
actin filaments have free fast growing ends (Lin and Lin, 1979; 
Brenner and Korn, 1980; Finder and Gratzer, 1983; Shen ^ al. , 
1989). In cells such as developing erythrocytes and other tissues 
with related forms of spectrin, the spectrin-actin meshwork could 
have extended actin filaments cross-linked along their length by 
spectrin or other actin-binding proteins to form three dimen-
Fig. 1 
Schematic model of the human erythrocyte membrane 
skeleton.The barbed end of the actin filament is 
the fast-growing end while the pointed end is the 
slow-growing end. 
( Reproduced from Bennett, 1985 ) 
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sional structures. Presumably during erythrocytes maturation, 
actin in excess of the final 5 x 10^ copies per cell is lost, 
perhaps as the consequence of a band 4.1 severing activity and 
the red cell is left with a shell of short actin filaments 
adjacent to the membrane (Pinder ^ aJ., 1984). 
RBC Lipid Composition and Organization 
Extensive literature is available on the composition of 
erythrocyte membrane lipids (Stephen et , 1972; Opden Kamp, 
1979). The amount of total lipid present in cells is about 
5 mg, approximately, 30 % of which comprises of neutral lipids, 
60 % of phospholipids and 5-10 % of glycolipids (Cooper, 1969) . 
Cholesterol, the major constituent of the neutral lipids, appears 
to be relatively randomly distributed in the bilayer(Higqins,et 
al., 1973). Freeze fracture studies, however, indicate that outer 
layer may contain more cholesterol than the inner layer of the 
bilayer (Fischer, 1975). Phosphatidyl choline (PC), PS, phospha-
tidyl ethanolamine (PE) and sphinqomyelins are the principal sub-
classes of the phospholipids (Cooper, 1969) and they constitute 
32.06%, 13.54%, 30.28% and 22.15% respectively of the total 
phospholipids. Other minor phospholipids sub-classes are 
phosphatidic acid and phophatidyl inositol(PI) which respectively 
constitute about 1.91% and 1.06% of the total phospholipids (Jain 
and Shohet, 1981). The fatty acid composition of the membrane 
lipids has also been investigated and those ranging from C^ ^^  to 
C24, with varying number of double bonds have been reported to 
occur in erythrocytes (Peuchant ^ , 1989). Phospholipids 
positioned in the inner leaflet of the membrane contain fatty 
acid that are more unsaturated than those present in the outer 
layer (Van Deenen, 1981). 
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Detaile4 investigations, carried out using chemical or 
enzymatic modification, phospholipid exchange techniques and a 
few immunochemic a-l procedures using intact cells, leaky and or 
resealed ghosts and inside out vesicles, have established 
conclusively that the phospholipids in the human erythrocyte 
membrane are asymmetrically distributed (Op den Kamp,1979; Van 
Deenen, 1981). The most convincing data obtained using phospho-
lipases suggest that 80 -% of the total sphingomyelin, 75 % of PC 
and 20 % of PE are located in the outer leaflet of the bilayer 
(Verkleij et M.-/ 1973 ; Zwaal et , 1975). Apparently 
aminophospholipids, particularly PS are concentrated on the 
cytoplasmic side of the membrane. A possible fraction of such 
asymmetric distribution may be related to the ability of PE and 
PS to influence the blood coagulation process (Op den Kamp, 
1979) . 
Among the various phospholipid classes of the erythro-
cyte membrane PS is exclusively located on the cytoplasmic 
leaflet (Gordesky ^ , 1972; Zwaal ^ , 1977). Insertion of 
exogenously supplied fluorescent lipid analogues of PS into mouse 
or human rbcs stimulated their binding and concomitant 
phagocytosis by cultured syngenic macrophage and allogenic 
monocytes respectively ( Tanaka and Schroit, 1983; Schwartz ^ 
al. . 1985). Schroit et ( 1985) demonstrated the rapid uptake 
of rbcs containing fluorescent PS in their membranes and their 
rapid accumulation in the spleen. Earlier studies gave evidence 
of the vasooculussion and splenomegaly associated with exposure 
of endogenous PS in sickle cell anemia (Chui ^ / 1981) and 
in chronic myeloid leukemia patients (Kumar and Gupta, 1983). A 
number of other investigations have also demonstrated that 
condition leading to the transfer of PS to the outer leaflet of 
the bilayer cause a dramatic decrease in circulating half-life 
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of the cells ( Arduni et , 1986; 1989 ). The decrease is 
attributed to the recognition and binding of the erythrocytes 
with exposed PS. Working with reversibly sickled cells. Middle 
Koop ^ (1988) inferred that asymmetric localization of PS 
requires both interaction with cytoskeleton and an ATP dependent 
translocation. The aui;hors believed that increased availability 
of PS to phospholipase A2 digestion is the result of the increase 
in transverse dynamics rather than static redistribution of 
phospholipids.The work of Bitbol and Devaux (1988) indicated that 
a single protein may be involved as inward and outward 
aminophospholipid translocase. Calvez ^ (1988) questioned 
the role of spectrin in maintaining PS asymmetry in view of their 
studies on severely spectrin-depleted heat-induced vesicles from 
human erythrocytes, the vesicles accumulated PS in the inner 
layer. The role of band 4.1 in binding and retention of PS in the 
inner layer was indicated by the studies of Chandra ^ al.(1987), 
using calcium loaded human erythrocytes and more recently by 
Bitbol and Devaux (1988) and Cohen ^ aA. (1988) using PS 
vesicles. An interesting correlation between 4.1a, 4.1b ratio and 
erythrocyte life span was observed during a comparative study of 
several mammalian erythrocytes by Inaba and Maeda (1988). Suzuki 
and Dale (1989) also observed an increased 4.la/4.lb ratio in 
senescent cells. An interesting study by Allen ^ aX- (1988) 
using liposomes has shown that uptake of the vesicles with 
exposed PS is not mediated via alteration in phospholipid packing 
and suggest PS as a recognition marker of RES. These authors also 
( 
gave the evidence of the requirement of a threshold concentration 
of PS in outer layer for the uptake of the rbc by the RES system. 
P H Z - R e t i c u l o c y t o s i s a n d H e i n z 
B o d y A n a e m i a 
Observations in the last century indicated that PHZ 
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could induce dramatic changes in erythrocytes both in vitro as 
well as in vivo. Hoppe Seyler (1885) reported that blood from 
rabbits treated with PHZ was brown in colour and that addition of 
PHZ to the suspended erythrocytes also gave them a brown 
colouration. Subsequently Heinz (1890) found that mixing either 
nucleated(from cold-blooded animals)or non-nucleated erythrocytes 
with PHZ turned them brown. Heinz (1890) also discovered that 
inclusion bodies were formed in erythrocytes exposed to PHZ. 
Heinz bodies are aggregates of denatured hemoglobin that 
bind to the inner surface of the erythrocyte membrane (Waugh and 
Low, 1985). Such patterns of denatured hemoglobin are frequently 
observed in aged cells (Sears ^ , 1975), in erythrocytes from 
individuals with glucose-6-phosphate dehydrogenase deficiency 
disease and other maladies involving loss of intracellular 
reducing power (Jandl ^ al.,1960) as well as in cells containing 
unstable hemoglobins (Jacob and Winterhalter, 1972; Winterbourn 
and Carrell,1974). Heinz bodies are believed to be responsible 
for the hemolysis which commonly accompanies the anemias associ-
ated with the latter two diseases (Waugh and Low, 1985). 
Heinz bodies formed due to the exposure of rabbit 
erythrocytes to PHZ, were observed by phase contrast microscopy 
as small dense bodies 6.7 u in diameter within 5 to 8 min., of 
the exposure (Rifkind and Danon, 1965). Incubation of cells with 
either hydrazine or PHZ resulted in the accumulation of Heinz 
bodies. About 82 % of the cells contained such material after 
only 30 min., incubation with PHZ while only about 7 % of the 
hydrazine-treated cells contained Heinz bodies (Jain and 
Hochstein, 1979). 
Good evidence indicates that whether natural or drug-
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induced, Heinz body formation may occur by a similar mechanism 
(Waugh and Low,1985). Initially the native hemoglobin is oxidized 
to methemoglobin (MHb) followed by, minor structural rearrange-
ments leading to formation of a reversible hemichrome. Under 
appropriate conditions the hemichromes may revert back to MHb. 
Otherwise, the reversible hemichromes denature further to form 
irreversible hemichromes, which eventually aggregate to form the 
Heinz bodies (Peisach ^ , 1975). 
It is well known that red cell loss either by repetitive 
bleeding or by treatment with hemolytic agents results in reticu-
locyte accumulation in the circulation. Experiments with PHZ also 
show that this agent induces reticulocytosis and is routinely 
used for induction of reticulocytosis for a variety of experi-
ments. Infact by repititive PHZ injection it is possible to 
achieve reticulocytosis at a level of 98 % (Jain and Hochstein, 
1980 b) . By this technique it was possible to study the lipid 
composition and osmotic fragility of reticulocytes unconta-
minated with mature erythrocytes (Jain and Subramanyam, 1976). 
Administration of PHZ to animals results in hemolytic 
anemia with reticulocyte counts of about 30 % and an accumulation 
of fluorescent pigments in the membranes of the surviving cells 
in the circulation (Jain and Hochstein, 1979). APHZ and hydrazine 
which cause less severe anemia than PHZ, also'elicit a lesser 
reticulocyte response (< 10 %) and decreased amounts of 
fluorescent pigments in the membranes of the surviving 
cells(Hochstein and Jain,1981).The reticulocytes formed after PHZ 
exposure have a dramatically lowered half lives when compared to 
those produced by bleeding of animals(Jain and Hochstein,1980 b). 
The processes, resulting from the in vivo interaction 
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of oxyhemoglobin A and APHZ to the destruction of the red cells, 
are summarized below. (Peisach ^ al., 1975). 
^ Deoxyhemoglobin A + O2 
\ 
+ 1 e Oxyhemoglobin A + APHZ 
\A Ferrylheinoglobin A , ^  , ^ , . I u — > + HS .—Sulfohemoglobin nU 
-Ferric hemoglobin A + Phenyldiimide 
Ferric hemoglobin A-phenyldiimide 
formation of reversible . rerrihemochroine. separation of unlike^and 6 chains 
Benzene + Nj 
's/ 
formation of irreversible ferrihemochromes 
f Heinz bodies 
dies 
"Pitting" of red^cells with Heinz bodies in the spleen 
Accelerated red cell destruction 
Waugh and Low.(1985) reported that since hemoglobin 
binds to band 3, this band may also provide a binding site for 
hemichromes, and the cross-linking of band 3 by hemichromes can 
also account for the enhanced fragility of the membrane commonly 
observed in cells containing elevated levels of denatured 
hemoglobin. The cells containing denatured hemoglobin freguently 
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undergo isotonic hemolysis in vivo (Waugh and Low, 1985). In 
other cases, where isotonic hemolysis is not observed, the cells 
are found to experience hypotonic hemolysis at weaker osmotic 
stresses than normal cells (Goldberg and Stern, 1977). While 
oxidative damage remains a possible cause of this hemolysis 
(Hebbel ^ , 1982), the lateral tethering and aggregation of 
band 3 molecules by hemichromes could also generate the 
mechanical strain in the membrane which leads to membrane 
weakening and ultimately to the hemolytic anemia (Waugh and Low, 
1985) . 
Moderately damaged cells appear to be removed by the 
splenic and those with more severe damage by the liver RES. This 
appears to be true in case of rbcs damaged by a variety of mecha-
nisms including those treated with PHZ (Rifkind, 1965). 
R e a c t i o n s of P H Z w i t h H e m o g l o b i n 
Ever since the first observation of Hoppe-Seyler (1885) 
that oxyhemoglobin disappeared from blood of rabbits treated 
with PHZ and those of Heinz (1890) that the blood from nucleated/ 
non-nucleated erythrocytes turned green-brown on exposure to the 
drug, a large body of information has accumulated on the effects 
of PHZ on hemoglobin. 
Heinz (1890) was the first to observe in his classical 
study that treatment of oxyhemoglobin with PHZ produces MHb. The 
formation of MHb however depends strongly on relative concentr-
ation of PHZ and oxyhemoglobin (P/H ratio) and the time of obser-
vation after initial treatment, in a complex manner. While 
increasing the P/H ratio increased MHb formation at early time 
points, such correlation was not observed after longer incubation 
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especially at high P/H ratios (Harley and Mauer, 1960). Jandl ^ 
al. (1960) also observed a decrease in MHb formation at high P/H 
ratios after relatively long incubation periods. At P/H ratio of 
20, about 33 % of initial hemoglobin was transformed to MHb in 
one min., but the quantity decreased first rapidly and subseque-
ntly more slowly to almost undetectable levels in about one hr. A 
second rise in MHb was observed during the next 11 hrsuggesting 
the participation of MHb in a complex series of reaction. In the 
absence of atmospheric oxygen, oxyhemoglobin was transformed to 
deoxyhemoglobin (Hb) with no evidence of MHb formation on 
treatment with PHZ. MHb was however observed as the only 
product when cyanide was used to trap the moiety (Castro ^ al., 
1978). It was suggested that oxidation product of PHZ rather 
than PHZ itself was reacting rapidly with MHb in the absence of 
cyanide to reduce it back to Fe(II) state. 
Phenylhydrazyl radical (PHZR) is the most probable 
candidate to carry out reduction of MHb to Fe(II) state. The 
electron transfers to oxygen from heme-Fe(II) and from PHZ would 
form PHZR and Fe(TII) within the heme cavity. Since PHZR 
formation is likely to occur in the vicinity of heme iron and it 
may be a better reducing agent than PHZ itself, rapid reduction 
of MHb to Hb should ensue (Shetlar and Hill, 1985). 
Accompanying to the changes that occur in the hemoglobin, 
a variety of small molecules both stable and unstable have been 
shown to be formed in the reaction of oxyhemoglobin and MHb with 
PHZ. Nitrogen was identified as a final product in the reaction 
of oxyhemoglobin by Nizet (1946). The observations were confirmed 
by Beaven and White (1954) who also demonstrated that benzene was 
a final product in the reaction of oxyhemoglobin with PHZ . 
Benzene was also produced when MHb was reacted with PHZ in 
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presence of oxygen. The amount of benzene produced, in the oxy-
hemoglobin-PHZ reaction, was however found to be lower when the 
atmosphere above the reacting system was anaerobic (Beaven and 
White, 1954). Augusto ^ (1982) explained the partial 
stoichiometric relationship as follows: 
6 PHZ + 6 Oxygen + 1 heme > 5 Benzene + 1 heme 
(modified) 
Goldberg ^ (1976) studied the kinetics of benzene 
formation in both the MHb-oxyhemoglobin and oxyhemoglobin-PHZ 
systems. They found that addition of catalase almost completely 
inhibited the reaction in the MHb system, indicating a role for 
scavengable H2O2 in the oxidative pathway leading to benzene 
formation. Catalase did not inhibit the corresponding reaction in 
the oxyhemoglobin-PHZ system. Incubation of carbomonoxyhemoglobin 
with PHZ under air also does not lead to benzene formation 
(Goldberg ^ ai. , 1976) suggesting the role of bound oxygen in 
the oxyhemoglobin mediated oxidation of PHZ to benzene. 
Rostorfer and Cormier (1957) using a chemiluminescence 
technique to assay Provided the initial evidence that H2O2 
was produced in reacting oxyhemoglobin-PHZ systems. The produc-
tion of H2O2 itself in the reaction of oxyhemoglobin with PHZ was 
more definitively demonstrated by Cohen and Hochstein (1964). 
Both Rostorfer and Cormier (1957) and Cohen and Hochstein (1964) 
indicated H2O2 was formed when MHb and MHb-erythrocytes were 
incubated aerobically with PHZ. In both cases,however the authors 
pointed out that oxyhemoglobin produqed by reduction of MHb 
followed by reoxygenation could be the actual generator of H202-
Goldberg and Stern (1975) were the first to report the 
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formation of superoxide anion both in oxyhemoglobin-PHZ and MHb-
PHZ systems. In support of this Misra and Fridovich (1976) 
demonstrated that SOD inhibited the rate of reduction of 
nitroblue tetrazolium(NET) in oxyhemoglobin-PHZ system. The 
mechanism of formation of superoxide anion in oxyhemoglobin and 
MHb system appeared to however differ. In case of MHb-PHZ system 
the generation of superoxide was a consequence of peroxidase 
activity of MHb on PHZ in presence of H2O2 (Goldberg ^ al.,1976) 
and catalase prevented the formation of superoxide(Goldberg and 
Stern, 1975). While SCN~ is inhibitory to MHb-PHZ system, 
superoxide anion production was only partially inhibited in oxy-
hemoglobin-PHZ system. The SCN~ was suggested to act as substrate 
for MHb peroxidase and to compete with PHZ (Goldberg ^ al. , 
1976). Similar observations were made using catalase which 
suggested that a pathway pther than one involving MHb peroxidase 
may be operative in oxyhemoglobin-PHZ system. In this system the 
superoxide anion could be formed via phenyldiazene (PDA) that 
reacts with oxygen to form benzene and phenyl radical 
(PR)(Goldberg et j^., 1976). Misra and Fridovich (1976) suggested 
that the formation of PHZR,a potential reducing agent that reacts 
with oxygen could be a precursor of superoxide radical. 
Goldberg and Stern (1977) first suggested that the PR 
could play a role in the chemistry of hemoglobin-PHZ systems. Its 
formation in reacting oxyhemoglobin-PHZ and erythrocyte-PHZ 
systems was demonstrated by Hill and Thornalley (1981). The most 
likely immediate precursor of PR is phenyldiazenyl radical (PDAR) 
formed via loss of an electron from PDA to oxygen (Goldberg ^ 
1976; Goldberg and Stern, 1977). 
The brown coloration .imparted to blood ' by PHZ and the 
brown green color given to erythrocyte suspensions by PHZ and 
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APHZ has been known since last century. Beaven and White (1954) 
noted that incubation of oxyhemoglobin with various phenylhydra-
zines led to alteration of the protein and its precipitation as 
"green hemoglobin". Because of the likely inv6lvement of this 
substance in Heinz body formation, a significant amount of 
research effort has been devoted to understanding the nature of 
green hemoglobin and the processes leading to its formation. 
Ontizde Montellano ^ (1981) and Saito and Itano (1981) 
isolated protoporphyrin IX containing green pigment as the 
dimethyl ester by treating the product from reaction of 
oxyhemoglobin and PHZ with acidic methanol under air and used 
spectroscopic and mass spectroscopic techniques to make 
structural assignments. The compound was shown to be a N-
phenylated porphyrin. The precursor of the N-phenylheme moiety is 
a globin-stabilized cT - bonded phenyliron complex (III) which 
rearranges in the presence of electron acceptors to give N-pheny-
lated porphyrin (Shetlar and Hill, 1985; Beaven and White, 1954). 
Several lines of evidence indicate that Hb does not 
interact chemically with PHZ in absence of oxygen. Beaven and 
White(1954) noted that benzene is not formed when PHZ is added to 
Hb under nitrogen, while Ontizde Montellano and Kunze(1981) under 
similar conditions showed that the chromophore of green hemoglo-
bin was not formed as a product in Hb-PHZ system after reaction 
with acidified methanol. The latter product is formed in the 
oxyhemoglobin-PHZ system. Rostorfer and Totter (1956) and Itano 
and Robinson (1961) provided chemical and spectroscopic evidence 
for the lack of reaction between PHZ and Hb. Benzene and nitrogen 
are observed as final products in the reduction of MHb with PHZ 
in the absence of oxygen (Rostorfer and Totter, 1956). 
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E f f e c t of P H Z on M e m b r a n e L i p i d s 
Several reports on the in vivo and in vitro effects of 
PHZ on the rbc membrane lipids are available. Jain and 
Subramanyam (1976) observed intense reticulocyte response in PHZ 
treated rats that rose to nearly 100 % after repeated injections 
of the drug. The reticulocyte obtained after PHZ treatment of 
rats were more osmotically fragile compared to those of the 
untreated animals. Reticulocytes is was accompanied by a 
progressive increase in total lipids, some phospholipids and 
neutral lipids. While the PS of the reticulocytes increased the 
PC content was lowered significantly. 
In a subsequent study, Jain and Subramanyam (1978 a) 
reported that PHZ, under certain conditions that induce 100 % 
reticulocytosis, causes TBA reactivity in circulating cells and 
more significantly in those obtained from spleen. This was 
inferred by the authors as evidence of PHZ effects on rbc 
membrane peroxidation and rapid uptake of the peroxidized cells 
by the spleen. Jain and Subramanyam (1978 b) also observed that 
PHZ-induced reticulocytes have shorter life spans than those 
formed in response to bleeding. 
In a subsequent study Jain and Hochstein(1980 a)reported 
enhanced fluorescence in reticulocyte rich fraction from rats 
following PHZ administration but could not detect either Heinz 
bodies or methemoglobin in the cells. In addition decrease in 
spectrin polypeptides accompanied by formation of large molecular 
weight polymeric material was also observed. These workers 
suggested that PHZ localized at the membrane undergoes autoxida-
tion to form species capable of initiating lipid peroxidation and 
the ensuing membrane alterations form the basis for enhanced 
sequestration and decreased survival of even reticulocytes in 
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absence of intracellular damage. Considerable lipid peroxidation 
also takes place in mature rbc deficient in glucose-6-phosphate 
dehydrogenase that result in their rapid sequestration. Rice-
Evans and Hochstein (1981) demonstrated that treatment of 
hemoglobin-free erythrocyte ghosts with PHZ results in the 
peroxidation of membrane lipids and increase in microviscocity of 
the lipids and decrease in the fluidity of the membrane. Such 
alterations in the rbc membrane are known to facilitate rapid 
sequestration of the cells from circulation. Jain and Hochstein 
(1980 b) demonstrated that the in vitro exposure of rbcs to 
MDA, an important product of lipid peroxidation, causes the 
formation of fluorescent chromolipids characteristic of those 
produced during the peroxidation of membrane phospholipids as 
well as oligomerization of membrane spectrin. Comparable changes 
were also observed in membrane of older cell populations isolated 
from freshly drawn untreated blood, suggesting the role of 
products of lipid peroxidation in the in vivo rbc senescence and 
eventual sequestration. The reticulocytes of PHZ-treated animals 
also show comparable alterations (Hochstein and Jain, 1981). 
These reticulocytes have shorter half lives in circulation than 
the normal erythrocytes and reticulocytosis induced by bleeding. 
The authors suggest that both the young and old cells are 
effected by PHZ. 
In a more recent study Jain (1988) provided further 
evidence for lipid peroxidation in senescent rbcs separated on 
the stractan density gradient into three main fractions.While the 
TBA reactivity of the various fractions was similar there was 
density dependent increase in phospholipid-MDA adduct and 
relative lipid fluorescence characteristic of MDA-phospholipid 
adducts. Age dependent increase in lipid peroxidation also 
appears to occur in bovine erythrocytes (Bartosz ^ ^.,1982) and 
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as mentioned earlier in rat erythrocytes (Jain and Hochstein, 
1980 a). Jain (1988) attributed the enhanced susceptibility to 
lipid peroxidation of aged erythrocytes to lowered activity of 
enzymes that detoxify radicals generated by hemoglobin, like the 
glucose-6-phosphate dehydrogenase and glutathione peroxidase 
(Clark and Shohet, 1985; Bartosz ^ , 1978; Glass and Gershon, 
1984). Bates and Winterbourn (1984), in their in vivo studies on 
rabbits, however, observed that Heinz body formation was maximum 
just prior to cell destruction while lipid peroxidation was 
highest when, circulating reticulocyte level was highest. These 
workers, contrary to the observations of Jain and Hochstein (1980 
b), suggest that lipid peroxidation occurs principally in the 
immature cells and hemoglobin denaturation presumably contributes 
more than lipid peroxidation to hemolysis. 
The in. vitro studies of PHZ on erythrocyte lipid 
peroxidation are more contradictory. While Jain and Subramanyam 
(1976) reported that comparable changes occurred in PHZ-treated 
mature rbc and reticulocytes, no detectable lipid peroxidation 
products could be observed in rbc treated in vitro with PHZ or 
APHZ (Goldberg and Stern, 1977; Hill and Thornalley, 1981). 
E f f e c t of P H Z on E r y t h r o c y t e M e m b r a n e 
P r o t e i n s 
A significant number of studies are also available on 
the effects of PHZ and related hydrazines on erythrocyte membrane 
proteins both in vivo and in vitro• In view of lack of uniformity 
of the experimental conditions, considerable discrepancies, 
however, exist in the results that look at times contradictory. 
Unequivocal evidence suggesting the formation of MDA in 
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rbcs treated with the PHZ and related compounds is available 
(Jain and Hochstein, 1980 b; Jain,1988).Human erythrocyte exposed 
to MDA exhibit, in addition to the formation of fluorescent 
lipids (Jain and Hochstein", 1980 b) , significant cross-linking of 
the spectrin polypeptides bands 1 and 2 and formation of large 
molecular weight aggregates. Density based separation of cells 
into various populations followed by their membrane polypeptides 
analysis revealed loss of bands 1 and 2 in the more dense older 
cells that also contained the large molecular weight adducts 
similar to those formed on MDA treatment. Piatt and Falcone 
(1988) reported in more recent studies that comparable alteration 
in membrane polypeptides are also evident in human erythrocytes 
with several types of unstable hemoglobins. Jain and Hochstein 
(1980 a) also observed in an earlier study that reticulocytes 
formed in response to PHZ treatment in rats show the disappear-
ance of bands 1 and 2 and formation of large protein adducts that 
failed to enter the gels on polyacrylamide gel electrophoresis 
performed in presence of SDS. 
I 
Reinhart ^ (1986) conducted a study of the in vitro 
effect of PHZ on rbc membrane proteins. A dose dependent 
retention of hemoglobin by the membrane, formation of hemoglobin 
dimers and trimers that were predominantly disulfide linked were 
observed. Formation of very little if any large molecular weight 
protein adducts detected in absence of DTT accompanied by the 
disappearance of bands 1, 2 and 2.1 were evident at higher PHZ 
concentrations. At very high concentration of PHZ band 6 also 
disappeared suggesting its complexing with other proteins or 
elution from the membrane. In addition, considerable smearing of 
various bands in the gel was markedly decreased on reduction of 
disulfides. The authors also noted a sharp band at the boundary 
of band 3 and faint band corresponding to Mr 2 60,000, the band 1 
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of spectrin (Reinhart ^ ^.,1986). Earlier studies also 
indicated a high molecular weight band of Mr 260,000 in the 
membranes of APHZ-treated glucose-6-phosphate dehydrogenase 
deficient erythrocytes (Palek ^ r 1978) and in the senescent 
erythrocytes isolated by density fractionation procedures (Snyder 
et al., 1983).In both these studies the complex was characterized 
as a spectrin-hemoglobin complex. 
More direct evidence suggesting the formation of 
spectrin and hemoglobin complexes was presented by Sauberman et 
al. (1983) and Snyder ^ a^. (1983) in human erythrocytes treated 
with H2O2• Unequivocal evidence supporting the formation of H2O2 
in response to PHZ in human rbc is available(Cohen and Hochstein, 
1964). The H2O2 exposed cells underwent echinocytosis, exhibited 
decreased membrane deformability and increased interaction with 
antiglobulin serum (Snyder ^ , 1985). Prior treatment with 
carbon monoxide but not with the antioxidant BHT totally 
inhibited these changes suggesting the role of hemoglobin (Snyder 
^ , 1983).The protein complex formed could not be dissociated 
by disulfide reduction. Its formation could be prevented by 
blocking the free SH groups of spectrin but not hemoglobin, with 
N-ethylmaleimide (Sauberman , 1983). In a more recent study 
Snyder ^ ( 1988 b) have shown that pretreatment of intact 
erythrocytes with 0.1-0.2 mM methylmaleimide restricted lipid 
peroxidation and spectrin-hemoglobin cross-linking resulting from 
H2O2 treatment. The treatment also decreased the H2O2 induced 
alterations in cell shape and deformability as well as their 
recognition by the antiglobulin serum. Methemoglobin formation 
was, however, not affected. In view of the preferable reactivity 
of spectrin sulfhydryls, they were suggested to play an important 
role in hemoglobin oxidation-induced formation of spectrin-
hemoglobin complexes and accompanying' effects on membrane 
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properties (Snyder ^ , 1988 a). 
Convincing evidence is available which suggests that 
cytoplasmic domain of band 3 protein contain binding sites for 
glyceraldehyde-3-phosphate dehydrogenase, aldolase, phosphofruct-
okinase and hemoglobin (Juliano, 1973). Waugh and Low (1985) 
demonstrated that denatured hemoglobin binds with high affinity 
to the cytoplasmic domain of band 3, where it competes with 
glyceraldehyde-3-phosphate dehydrogenase.More recently Low ^ al. 
(1985), using immunoblotting studies, demonstrated that the bound 
denatured hemoglobin, because of its multiple binding sites, 
causes the clustering of band 3 albeit only a small fraction of 
the total band was cross-linked. Band 3 clustering caused either 
by or PHZ treatment results in a striking increase in the binding 
of autologous antibodies, that appear to play an important role 
in the recognition and uptake of damaged and presumably senescent 
erythrocytes from the circulation ( Low ^ , 1985). 
Normal erythrocytes inhibited low level of proteolysis 
but exposure to oxidants seems to enhance the process (Goldberg 
and Boches,1982).The system appears to preferentially degrade the 
oxidant damaged proteins ( Davies and Goldberg 1987 a;1987 b ). 
Since circulating aged erythrocytes seem to contain lowered 
levels of antioxidant system (Clark and Shohet, 1985), oxidants 
induced proteinases were believed to be responsible for aging-
induced decrease of most membrane polypeptide levels (Yamamoto ^ 
al. , 1988). The therapeutic agents phenelzine, hydralzine also 
stimulate proteolysis in rbcs in vitro ( , Runge-Morris ^ , 
1988 ) 
Activation of proteolysis in response to oxidative 
stress in general and hydrazines in particular has,also recieved 
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considerable attention. Goldberg and Boches (1982) reported,based 
on their studies with rabbit reticulocytes, that protein oxidized 
either by PHZ or nitrite were rapidly degraded by ATP-ubiquitin 
dependent proteolytic system. The involvement of ATP-dependent 
proteolytic system in the intracellular degradation of puromycin 
altered hemoglobin and that containing amino acid analogues in 
reticulocytes was shown in an earlier study (Klemes ^ al..1981). 
Arduni and Stern (1985) reported that PHZ-exposed erythrocytes 
underwent loss of spectrin network together with lipid packing at 
the outer leaflet without any gross modification of the membrane 
fluidity. In a subsequent study however, Fagan ^ (1986) 
provided evidence that an ATP-independent proteolytic system may 
be largely responsible for the degradation of PHZ-damaged hemogl-
obin in rabbit erythrocytes. A high molecular weight alkaline 
protease was shown to be involved(Fagan ^ a 1986; Waxman ^ 
al., 1985). Fagan et aJ. (1986) suggested that the protease may 
interact with the other ATP-independent proteases like calpain 
and procalpain. 
The calcium-stimulated procalpain-calpain system distri-
buted widely in several animal systems have also been shown to be 
present in human and other rbcs (Pontremoli and Melloni, 1986, 
Melloni et 1982 a; 1982 b; 1984). The system has also been 
implicated in proteolysis associated with oxidative stress. 
Exposure of glucose-6-phosphate dehydrogenase deficient human 
erythrocytes to the major toxic component of the Favabean 
divicine resulted in calcium mobilization, calpain activation and 
release of an acid protease from the membrane (Morelli ^ , 
1987). The released acid endoprotease was shown to play an 
important role in proteolysis of oxidatively damaged proteins 
(Pontremoli ^ , 1979, 1984). Morelli ^ a^. ( 1987) demons-
trated that calpain triggers the destruction of proteins respon-
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sible for Heinz body formation in erythrocytes exposed to APHZ. 
Runge-Morris et (1988) made a detailed investigation 
of proteolysis induced by various hydrazines in the erythrocytes 
and hemolysates incubated at neutural pH. Among the hydrazines 
investigated PHZ was most stimulatory followed by methylhydra-
zine, hydrazine and APHZ was least stimulatory. While the inhibi-
tors of glycolysis restricted proteolysis minimally, those that 
inhibited electron transport were surprisingly more effective. 
Evidence was provided by the authors to show that hydrazine free 
radical, generated as a consequence reaction of hydrazines with 
oxyhemoglobin, damage protein that become more susceptible to 
cellular proteolytic enzymes. 
Yamamoto ^ (1989) demonstrated that exposure of 
erythrocytes to PHZ for 24 hours resulted in over 40 % activation 
and solubilization of a membrane associated protease character-
ized as cathepsin E. Binding of hemoglobin and presumably other 
membrane proteins onto the membrane preceded the effects on 
cathepsin E. The binding of hemoglobin appeared to be a 
prerequisite for the cathepsin activation and solubilization. 
The activated protease preferentially degraded spectrin 
polypeptides although significant degradation of band 3 was also 
observed. Comparable changes in membrane polypeptides were also 
observed by Yamamoto ^ (1989) in erythrocytes aged either in 
vivo or in vitro. ' 
Inspite of the acid pH range over which the isolated 
cathepsin E is active, it may play a significant role in proteol-
ysis of the membrane since membrane associated form of the enzyme 
and that in presence of ATP acts more efficiently at neutral pH 
(Melloni ^ aj., 1982 and Yamamoto et , 1989). 
-26-
E f f e c t of P H Z on A T P a s e 
Calcium-ATPase may be of crucial importance for the 
survival of the rbcs (Shalev ^ al.,1981).Calcium-ATPase contains 
one or more reactive SH groups, oxidation of which leads to 
complete inhibition of enzyme activity (Sarkadi ^ / 1980). 
This enzyme normally functions to maintain a very steep gradient 
between external(10~^M) and intracellular (<10~^M) calcium 
(Schatzman, 1975) and collapse of this gradient is associated 
with decreased rbc deformability and premature destruction (Clark 
et al., 1981). Indeed the accummulation of calcium triggered by 
exposure of nucleated cells to a variety of toxins have been 
suggested as a final common pathway of cell death (Schanne ^ 
, 1979). In view of this Shalev ^ (1981) hypothesized that 
oxidants such as PHZ might inactivate erythrocyte calcium-ATPase. 
Such inhibition would predispose the cell to accumulation of 
calcium. The resultant elevation of intraerythrocytic calcium 
might then be important in the genesis of oxidant-induced 
hemolytic disease. 
Calcium-ATPase is readily inhibited by a variety of SH 
reagents (Sarkadi ^ al., 1980). PHZ causes inhilDition of human 
rbc calcium-ATPase during in vitro incubations (Shalev ^ al., 
1981). Even more striking inhibition of this enzyme was observed 
following administration of a small dose of PHZ to mice. This 
inhibition of enzyme activity was perceptible upto 1 week after 
PHZ injection, suggesting that the damage to the enzyme, at least 
to a certain extent, is irreversible. Accompanying this profound 
inhibition of calcium-ATPase activity, rbc calcium content rose 
to values 3-4 times than the normal value shortly after PHZ 
treatment. These increased rbc calcium levels persisted for at 
least two days (Shalev ^ , 1981). 
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O b j e c t i v e s of t h e t h e s i s 
populations in the civil iy.od sociot.ios are exposed to 
several hydrazine derivatives that serve as fuels, antioxidants, 
anticorrosives, pesticides, dyes, explosives and drugs used in 
the treatment of tuberculosis, hypertension, anti-neoplastic 
agents and monoamine oxidase inhibitors. In general hydrazines 
also represent a class of agents recognized for their potential 
hemolytic and other toxic effects. Phenylhydrazine is one of the 
the most reactive among hydrazine derivatives capable of causing 
several alterations in the erythrocytes both in vitro and in 
vivo. A large number of studies have described these effects and 
explain the phenylhydrazine action on the basis of its ability to 
react with hemoglobin and form highly reactive radicals. Few 
studies, however, suggest comparable effects of phenylhydrazine t 
in hemoglobin-free erythrocyte ghosts. The objective of this work 
was to investigate and compare the effects of phenylhydrazine on 
intact erythrocytes and hemoglobin-free erythrocyte ghosts. The 
effects on lipid peroxidation, membrane sulfhydryls and i polypeptide were investigated in detail. 
MATERIALS & METHODS 
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A, MATERIALS 
The chemicals used in the present studies were obtained from 
various sources as shown below. Glass distilled water was used 
in all the experiments. For TLC glass distilled methanol and 
chloroform of A.R. grade were used. 
CHEMICALS SOURCE 
Acrylamide 
Agarose 
Ammonium molybdate 
Ammonium persulphate 
l-Amino-2-napthol-4-sulfonic acid 
L-Ascorbic Acid 
Bovine hemoglobin 
Bovine Serum Albumin 
Butylated hydroxy toluene 
Calcium lonophore A23187 
Catalase (Bovine Erythrocyte) 
Chloroform 
Coomassie Brilliant Blue,R-250 
Desferroxamine mesylate 
Dimethyl sulphoxide 
Diphenylamine 
Sigma Chem. Co., U.S.A 
Sigma Chem. Co., U.S.A 
B.D.H., India 
May and Baker Ltd., England 
E.Merck Ltd., Germany 
Central Drug House Ltd., 
India 
Sigma Chem. Co., U.S.A 
Sigma Chem. Co., U.S.A 
Sigma Chem. Co., U.S.A 
Sigma Chem. Co., U.S.A 
Sigma Chem. Co., U.S.A 
Qualigens Fine Chemicals, 
India 
Sigma Chem. Co., U.S.A 
Sigma Chem. Co., U.S.A 
E, Merk Ltd., India 
Sigma Chem. Co., U.S.A 
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5,5' Dithiobis (2-nitrobenzoic) acid 
Ethylenediamine tetracotate 
Ethanol (Absolute) 
Gluthathione 
lodoacetate 
Isopropanol 
Mannitol 
Methanol 
B-Mercaptoethanol 
N,N'-Methylene bisacrylainide 
Nitroblue tetrazoliuin 
Phenylhydraz ine 
Phenyl methylsulfonyl flouride 
Potassium dihydrogen orthophosphate 
Potassium hydroxide 
Phosphadityl choline (Bovine Liver) 
Phosphadityl ethanolamine 
(Bovine Liver) 
Phosphadityl inositol (Soybean) 
Phosphatidyl serine (Bovine Brain) 
Pyronin Y 
Sephadex G-lOO 
Silica Gel H(10-40 u without binder) 
Sodium benzoate 
Sodium bisulfite 
Sodium dodecylsulphate 
Sodium phosphate 
Sodium sulfite 
Sphingomyelin (Bovine Brain) 
Sigma Chem. Co., U.S.A 
Hi Media Ltd., India 
Riedel-de-Haen Ag, Germany 
Biogen, India 
Sigma Chem. Co., U.S.A 
Qualigens Fine Chemicals, 
India 
E. Merck Ltd., India 
Qualigens Fine Chemicals, 
India 
Sigma'Chem. Co., U.S.A 
Hi Media Ltd., India 
Sisco Research Labs., India 
Riedel-de-Haen, Ag, Germany 
Sigma Chem. Co'., U.S.A 
B.D.H., India 
E. Merck, Ltd., India 
Sigma Chem. Co., U.S.A 
Sigma Chem. Co., U.S.A 
Sigma Chem. Co., U.S.A 
Sigma Chem. Co., U.S.A 
Sigma Chem. Co., U.S.A 
Pharmacia Fine Chemicals, 
Sweden 
Sigma Chem. Co., U.S.A 
E. Merck Ltd., India 
B.D.H., India 
Sigma Chem. Co., U.S.A 
B.D.H., India 
B.D.H., India 
Sigma Chem. Co., U.S.A 
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Superoxide dismutase Sigma Chem. Co., U.S.A 
(Bovine Erythrocyte) 
2-Thiobarbituric Acid Loba Chemie Indoaustranal 
Co., India 
N,N,N',N'-Tetramethylethylenediamine Koch-Light Lab. Ltd.,England 
Thiourea Sigma Chem. Co., U.S.A 
Tris (hydroxymethy1) aminomethane Sigma Chem. Co., U.S.A 
B.METHODS 
Blood and Blood Cells- Freshly collected blood or that stored for 
1-2 weeks under ideal blood bank conditions in ACD was used. The 
blood was collected from healthy individuals after obtaining 
their consent. It was centrifuged at room temperature at 1000 x g 
to separate plasma, the sedimented erythrocytes were washed 
several times with isotonic saline buffered with 5 mM Tris HCl, 
pH 7.4 prior to their use. 
Preparation of Erythrocyte Ghosts - Erythrocyte ghosts were 
prepared by the method of Fairbanks et al. (1971) which in turn 
is based on the principle of hypotonic lysis described by Dodge 
et al. (1963). Each ml of blood was diluted with an equal volume 
of cold 0.9 % NaCl. The suspension was spun at 1,000 x g for 10 
min., at 37 deg. C, the supernatant and the "buffy coats" were 
aspirated. The packed cells were washed three times in 0.9 % 
NaCl. One ml of the washed cells were hemolysed by rapidly mixing 
with 40 ml of cold 5 mM Tris-HCl buffer pH 7.4. The suspension 
was centrifuged at 12,000 x g for 30 min., at 4 deg. C. The 
resultant deep red supernatant was aspirated leaving the red 
transluscent pellet of packed ghosts over minute opaque cream 
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coloured "buttons". Removal of the latter at this stage was 
essential for minimizing contamination of ghosts with proteases. 
Each centrifuge tube was tilted and rotated to allow the loose 
ghost pellet to slide off the tightly packed "buttons" which 
could then be aspirated with little loss of ghosts. The ghost 
preparations, obtained after fev.^  additional washes,, was used. For 
the electrophoresis of the membrane proteins the ghosts were 
dissolved in a solution containing 1 % SDS, 5-10 % sucrose, 10 mM 
Tris-HCl(pH 7.4), 1 mM EDTA{pH 7.4) and 10 ug per ml of pyronin Y 
(tracking dye). 
Treatment with PHZ - Treatment of PHZ to rbcs and rbc ghosts were 
given by the method of Jain and Hochstein ( 1979) with a few 
modifications. Freshly prepared PHZ solution were used. 
Effect on rbcs - Human rbcs were washed three times with normal 
saline. These washed rbcs were treated with 0 to 10 mM PHZ as 
indicated either at 37 deg. C or 4 deg. C for various durations. 
The cells were collected and where indicated washed with isotonic 
buffer and used for various studies. After the incubation, 
membranes were prepared as described above. 
Effect on rbc ghosts - Human rbc membranes were prepared by the 
method of Fairbanks ^ (1971) essentially following hypotonic 
lysis procedure of Dodge ^ ^.( 1963). Treatment with PHZ was 
performed in the reaction mixture containing 5 mM Tris-HCl 
buffer,pH 7.4, instead of buffered saline. After incubation was 
over the sample was centrifuged for 30 min., in a refrigerated 
centrifuge at 12,000 x g and membranes were collected and 
subjected to various analysis. 
-32-
Membrane Protein Estimation - The membrane protein was estimated 
as described by Haest et ( 1978) using the moc^ified procedure 
of Lowry et ^.(1951). RBC membrane was dissolved in 0.2 % SDS 
(1:1) and suitable aliquots of the solution were diluted to 1 ml 
with distilled water. To this was added 5 ml of freshly prepared 
copper reagent (prepared by mixing in 1:50 ratio of 0.5 % (w/v) 
copper sulphate in 1% sodium potassium tartarate and 20% (w/v) 
sodium carbonate in 0.1 M sodium hydroxide). After incubation at 
room temperature for 10 min.,0.5 ml of 1 N Folin-phenol reagent 
was added and the tubes were instantly vortexed. Absorbance of 
the developed blue colour was measured after 30 min., at 660 rnn 
against a reagent blank containing 1 ml of 0.1 % SDS in distilled 
water in Spectronic 21 Spectrophotometer. BSA was used as a 
reference standard. 
Determination of Membrane SH Groups- The overall approach was 
that of Ellman (1959) as described by Haest ^ (1981). One ml 
of rbc ghosts (untreated or treated) were solubilized in equal 
volume of 0.2. % SDS. To this was added 0.5 ml of 1 mM solution 
of DTNB and the tubes were incubated at 37 deg. C for 1 hr.The 
absorbance was read at 412 nm in Spectronic 21 Spectrophotometer 
against a suitable reagent blank containing 0.2 % SDS. For 
calculation of SH content, glutathione was used as a reference 
standard. 
Estimation of Lipid Peroxidation - MDA, the end product of fatty 
acid peroxidation reactions,can react with TEA to form a coloured 
complex that has maximum absorbance at 532 nm. TEA reactivity of 
erythrocyte and erythrocyte membrane was determined by the 
modified method of Stocks and Dormandy (1971). For this purpose 
appropriate aliquots of packed cells or membranes were suspended 
in 0.8ml phosphate buffered saline,pH 7.4 (made up of 8.1 g NaCl, 
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2.302 g Na2HP04 and 0.194 g NaH2P04 in 1000 ml distilled water). 
To this was added 0.5 ml of 30 % TCA. Tubes were vortexed and 
allowed to stand in ice for at least two and a half hours.The 
tubes were centrifuged at 2000 x g for 15 min., 1 ml each of the 
supernatant was transferred into another tube.To this was added 
0.075 ml of 0.1 M EDTA and 0.25 ml of 1 % TEA in 0.05 M NaOH. The 
tubes were mixed and kept in a boiling water bath for 15 min. 
Absorbance was read at 532 nm in Spectronic 21 Spectrophoto-
meter after tubes were cooled to room temperature. EDTA was added 
to chelate any metal ion, such as iron or copper in the extract 
which otherwise may initiate lipid peroxidation during boiling 
and result in falsely elevated values. MDA concentration was cal-
culated using Em value of 1.56 x 10^ (Jain, 1988). 
Detection of Superoxide Anion - Superoxide anion was detected by 
the reduction of NET by the modified method of Nakayama ^ al. 
(1983). A typical assay mixture in a total volume of 4.0 ml 
contained: 5 mM Tris-HCl buffer, 33 mM NET, membrane,both in 
presence and absence of 5 mM EDTA, pH 7.4. The reaction was 
initiated, by the addition of PHZ and incubated for varying time 
intervals. Immediately after mixing, the samples were centrifuged 
for 30 min., at 10,000 x g. After the appropriate time, the 
absorbance of the supernatant was read in the Spectronic 21 
Spectrophotometer at 560 nm against a blank lacking membrane and 
PHZ. 
SDS-PAGE - The overall approach was that of Fairbanks ^ al. 
(1971) with some modification as described. For gel polymeri-
zation the alternative procedure of Davis et aL. (1969) was 
followed. The composition for stock solutions of buffers and gels 
are given on the next page. 
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A. Stock solutions 
Con AcBis 
Acrylaraide (40g) 
Bis ' (1.5 g) 
H2O to 100 ml 
20 % (w/v) SDS 
1.5 %(w/v) Ammonium persulfate 
0.5 %(v/v) TEMED 
10 X Buffer (pH 7.4^ 
1.0 M Tris (40 ml) 
2.0 M Sodium acetate (10 ml) 
0.2 M EDTA (10 it^l) 
Acetic acid (pH 7.4) 
H2O 100 ml 
B. Electrophoresis buffer (per litre), 
10 X Buffer (100 ml) 
20 % SDS (10 ml) 
H2O (890 ml) 
C. Gels (per 40 ml of solution 5.6 % in acrylamide^ 
Con AcBis ( 5.6 ml) 
10 X buffer ( 4.0 ml) 
20 % SDS ( 4.0 ml) 
H2O (20.4 ml) 
1.5 % ammonium persulfate 
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prepared freshly prior to 
use ( 4.0 ml) 
0.5 % TEMED ( 2.0 ml) 
For disc gel electrophoresis, concentrated stock solu-
tions were added in the proportions given above in "C." and 
this was added to 9 cm long glass tubes of 6nun diameter that were 
previously cleaned by washing with hot SDS. Each column (height 
85 mm) was overlaid gently with 20 ul distilled water. When 
polymerization was complete the top of the gels were overlaid 
with about 0.5 ml of the electrophoresis buffer. The gels were 
left to stand for at least 12 hr. Electrophoresis was performed 
with a current of 4 mA per tube. The tubes were removed from the 
electrophoresis apparatus when the tracking dye band reached 75 
mm mark from their origin. 
Slab gel system of jyl/S ATTO Corp., Japan was used for 
casting a 5.6 % polyacrylamide gels. Concentrated stock solutions 
were taken in appropriate order as mentioned above in "C." and 
poured into glass cassette. The glass plates of the cassette were 
separated by 2 mm thick spacer^• A comb, providing a template for 
12 sample wells, was inserted into the cassette just after 
pouring the solution. The gels were left to stand for at least 10 
to 12 hr., at 22 deg. C. After complete polymerization of the 
gels, the comb was removed and the wells, thus formed, were 
washed and overlaid with distilled water. The samples for 
electrophoresis were prepared by adding protein samples in the 
equal volume of sample buffer and by boiling the mixture for 3-5 
min. Protein samples containing 40-100 ug of protein in 10-20 ul 
were applied to the wells. Electrophoresis was carried out 
initially at 50 volts and once the sample had entered the gel. 
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then at 100 volts in Tris/EDTA/acetate buffer containing 0.2 % 
SDS. After electrophoresis, the gels were immediately subjected 
to fixation and staining. The gels were stained for protein with 
coomassie brilliant blue R-250(0.025 % in 25 % isopropanol and 10 
% glacial acetic acid) (Fairbanks ^ , 1971) for 2 hr. Gels 
were finally destained in 10 % glacial acetic acid. 
Electrophoresis of the Cross-linked Adduct - The separation gels 
were caste in the glass tubes upto a height of 7 cm as described 
above. The upper gels were prepared by mixing 100 mg agarose, 0.5 
ml of 20% SDS and 1 ml of /3-mercaptoethanol in 10 ml of distilled 
water and heated to 40 deg. C. The mixture was poured on the tops 
of the already polymerized gels (upto 1 cm) . The electrophoresed 
unstained gels containing the large molecular weight protein 
adducts obtained when PHZ treatment was given to intact cells 
were sliced from discs and placed on the top of the new gels 
and subjected to re-electrophoresis. 
Characterization of the Cross-linked Adduct by Re-electrophoresis 
- Running gels containing 5.6% polyacrylamide were prepared as 
described earlier. The thickness of the gels was 5 mm. The gels 
were layered with small amount of distilled water to obtain an 
even surface for electrophoresis. For complete polymerization 
gels were left to stand over night. PHZ-treated erythrocyte ghost 
samples (2 mM and 10 mM at 37 deg. C for 150 min.,) were prepared 
by mixing 1 part sample buffer with 1 part sample and boiled for 
5 min. About 12 ul of sample was loaded in each well and electro-
phoresis was carried out at 50 volts initially and once the 
sample entered into gels then at 100 volts for 3 hr. The gels 
were stained for protein with coomassie brilliant blue R-250 
(0.025% in 25 % isopropanol and 10 % glacial acetic acid) 
(Fairbanks ^ , 1971) for 2 hr. The parallel unstained protein 
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aggregate region was excised and kept at -10 deg. C. Prior to 
electroelution the gels were thawed, macerated and the fragments 
were taken in a dialysis bag containing 5mM Tris-HCl (pH 7.4), 
0.2 % SDS and 0.2 mM PMSF. Electroelution was carried out in 
electrophoresis buffer (Tris /EDTA /acetate) with 0.2% SDS for 4 
hr.,at 4 deg. C and 100 volts. The gel pieces were discarded and 
the buffer containing the protein was dialyzed for 24 hr.,at 4 
deg. C against 5 mM Tris-HCl (pH 7.4) containing 0.1% SDS and 0.2 
iiiJl PMSF. The eluted protein was concentrated against sucrose and 
stored at -10 deg. C. 
Preparation of Oxyhemoglobin - The overall methodology was of 
iluisman and Dozy ( 1965) with a few modifications. Human rbcs were 
|.ysed with 7 ml of 5 mM Tris-HC], buffer, pH 7.4 and centrifuged 
at 12000 X g at 4 deg. C, for 30 min. Hemolysate (free of eryth-
rocyte ghosts) was passed through Sephadex G-lOO column(2x72 cm), 
which was first equilibrated with 5 mM Tris-HCl buffer (pH 7.4). 
Three milliliter fractions were collected at the rate of 3 ml/lO 
min. The fractions with highest protein contents were pooled. 
Lipid Extraction of Rbcs and Membrane - Lipid extraction was 
carried out by the method of Rose and Oklander(1965). Appropriate 
aliquots of rbcs or rbc membrane were taken both in presence and 
absence of 10 mM PHZ at 37 deg. C (pH 7.4) for 150 min. To each 
ml of cells or membrane 1 ml distilled water and 11 ml isopropa-
naol was added and the samples were kept for 60 min., at 4 deg. 
C. To this was added 7 ml chloroform and samples kept for further 
60 min.,at 4 deg. C. The samples were then carefully filtered and 
residue was discarded after washing with the solvent. The 
filtrate obtained was dried in vacuum. The dried residue was 
dissolved in 30 ml chloroformrmethanol mixture (2:1 v/v) and 
transferred to a separating funnel followed by 0.9 % 
-38-
NaCl (l/5th of the volume of the above mixture). The phases were 
allowed to separate and the lower phase was taken and dried under 
nitrogen. The dried residue was finally dissolved in 1 ml 
chloroform. 
Phospholipid Analysis by Thin-layer Chromatography - The phospho-
lipid classes were separated on silica gel H thin layer plates 
using the solvent system and details given by Jain (1988). The 
glass plates ( 20 x 20 cm )coated with 0.5 mm thick silica gel H 
were pre-activated by heating at 100 deg. 6 for 1 hr. Appropriate 
aliquots of lipid extract was applied at a distance of 2 cm from 
the end in the form of thin streak. The plates were run in a 
solvent system consisting of chloroform, methanol, glacial acetic 
acid and water in the 50:25:8:4 v/v ratio. The TLC plates were 
air dried, stained with iodine and phospholipids identified by 
comparison of Rf values with bovine liver extract and individual 
phospholipid standards obtained commercially. The visible spots 
of various phospholipids were encircled by piercing with a pin 
and the plates left overnight to permit evaporation of all 
iodine. Regions of silica gel containing various spots were then 
scraped from plates and transferred into individual teflon capped 
centrifuge tubes. In ' order to elute phospholipids from the 
silica gel,5 ml chloroform: methanol (1:1 v/v) was added to each 
tube which were kept for 20 min., at 40 deg. C. The tubes were 
centrifuged for 10 min., and the supernatant transferred into 
individual boiling tubes. The residual silica gel was extracted 
two more times with 5 ml of I N methanolic HCl. The combined 
extract was transferred to boiling tubes and kept at 80 deg. C 
water bath for solvent evaporation. 
Determination of Phospholipid Phosphorus - Appropriate aliquots 
of phospholipid extract were dried by heating at 80 deg. C in 
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glycerol bath and phospholipid phospho:|:us was estimated by the 
method of Bartlett (1959) as modified by Marinetti(1962). The dry 
residue was digested with 0.1 M of 70% perchloric acid for about 
90 min'., on an electric digesting unit. Seven ml of distilled 
water was added to each tube followed by 1.5 ijnl of 2.5% (w/v) 
ammonium molybdate and 0.2 ml of 0.25 % ANSA reagent (prepared by 
dissolving in 100 ml of 15% sodium bisulfite, 0.5 gm sodium 
sulfite and 0.25 gm ANSA). The tubes were placed in boiling 
water bath exactly for 7 min. After 20 min., the colour was read 
at 660 nm in Spectronic 21 spectrophotometer. A calibration curve 
was prepared in a similar manner using KH2PO4 as standard. 
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I. E F F E C T OF P H Z ON M D A F O R M A T I O N IN 
R B C A N D R B C G H O S T S 
A. Effect on intact rbc and hemoglobin-free ghosts - Several 
reports, that do not fully agree with each other and at times 
even appear contradictory are available on the effects of PHZ on 
erythrocytes, both in vivo and in vitro. Little information on 
the effects of the drug on hemoglobin-free ghosts is however 
available. The objective of the following studies were to inves-
igate the effects of PHZ on intact erythrocytes as well as on 
ghosts in vitro. As evident from Fig.2 MDA formation increased 
as a function of PHZ concentration both at 37 deg. C and 4 deg. 
C. The concentration dependent increase in the formation of TBA-
reactive material absorbing at 532 nm exhibited a biphasic 
pattern.A rapid rise upto about 2 mM PHZ was followed by relative 
gradual rise at higher concentration upto 10 mM PHZ investigated 
in these studies. Formation of TBA-reactive material at 4 deg.C 
was about 2-3 times lower as compared to that at 37 deg. C sugg-
esting lower peroxidation of lipids at low temperature. Biphasic 
curves were also obtained when time dLependent MDA formation was 
investigated in response to 10 mM PHZ(Fig.3). Several experiments 
in this and other sections were carried out using relatively high 
concentrations of PHZ as several effects of the drugs are 
manifested only at high concentrations. An initial rapid rise in 
MDA formation was accompanied by a more gradual increase upto 
period of 150 min. The magnitude of PHZ-induced MDA formation was 
lower at 4 deg. C at all the time points investigated (Fig. 3). 
The pattern of effects of PHZ on hemoglobin-free 
erythrocyte ghosts were comparable with those on the intact 
cells. Biphasic increase in TBA-reactive material formation was 
Fig. 2. 
Effect of PHZ concentration on human rbc lipid 
peroxidation. Washed and packed human rbcs were 
suspended in isotonic phosphate buffered saline pH 
7.4 incubated either at 4 deg. C or 37 deg. C for 
150 min., as described in the text. Each sample 
contained 0.2 ml packed rbcs diluted with a total 
volume of 0.8 ml. The reaction was stopped at 
appropriate time by phosphate buffered saline and 
30 % TCA. Formation of MDA was estimated in the 
suspension as already described using the TBA 
reagent. 
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Fig. 3 
Effect of time of incubation on human rbc PHZ-
induced lipid peroxidation. Conditions of the 
experiment were identical with those of the Fig.2, 
except that the samples were made 10 mM with 
respect to PHZ and incubated for various time 
intervals. 
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observed both in experiments performed in which PHZ concentration 
dependent and time dependent alterations were investigated (Fig.4 
and 5). MDA formation in ghost was lower at 4 deg. C and increase 
in the formation of product was much more gradual after initial 
rapid rise till 2 mM PHZ and 20 min. of incubation. For each ml 
of packed ghosts the amount of MDA formation was considerably 
higher than that observed with the same volume of packed 
erythrocytes. 
B. Effect of quenchers and antioxidants - As shown in Table 1 
MDA formation was dramatically decreased when the PHZ treatment 
was performed in presence of the quencher BHT. Inhibition in the 
formation of MDA was observed at all concentrations of PHZ 
investigated although the magnitude of protection was, as 
anticipated, higher at lower concentration of the drug (Table 1 
and Fig. 6). At very high concentration BHT inhibited MDA 
formation almost completely both at 37 deg. C and 4 deg. C in 
presence of 2 mM or 5 mM of PHZ. 
I 
Since ghosts offer no permeability barrier the 
protective effects of various inhibitors, quenchers and 
antioxidants on the MDA formation, were studied in detail. These 
included the chain reaction terminating antioxidant BHT and 
other antioxidants thiourea and diphenylamine and the enzymes 
that detoxify K2O2 and superoxide radicals, catalase and SOD 
respectively. Effect of hydroxyl scavengers, mannitol and sodium 
benzoate were also investigated. As shown in Table 2 the 
additives were by themselves not capable of inducing significant 
lipid peroxidation in the membranes in absence of PHZ. Catalase 
and superoxide scavenger SOD were capable of almost completely 
inhibiting the MDA formation, so were the antioxidants thiourea 
and BHT that caused over 95 % inhibition in MDA formation. 
Fig. 4 
Effect of PHZ concentration on human rbc membrane 
lipid peroxidation. Hemoglobin-free human rbc 
ghosts were prepared and suspended in Tris-HCl 
buffer pH 7.4 as described in the text. 0.2 ml 
packed ghosts diluted to a final volume of 0.8 ml 
was used. Other details of the experiment were 
same as that of Fig. 2. 
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Fig. 5. 
Effect of time of incubation on human rbc membrane 
lipid peroxidation. Freshly prepared ghosts 0.2 ml 
diluted to a final volume of 0.8 ml containing 10 
mM PHZ were incubated for various time intervals. 
TBA-reactive material formed was ' estimated as 
described earlier. 
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TABLE 1 
Effect of BHT on PHZ-induced Lipid Peroxidation 
of Human RBCs* 
(Values are average of triplicate experiments) 
nanomoles MDA / ml Packed Cells 
BHT 37 deg C 4 deg C 
(uM) 2 mM PHZ 
1 
5 mM PHZ 2 mM PHZ 1 1 5 mM PHZ 
0 99.38 
1 
1 121.08 43.18 51.64 
50 8.01 1 22.26 3.56 ' 14.09 
100 6.23 1 19.14 2.67 8.45 
150 4.89 1 16.92 2.67 7.86 
200 4.89 1 15.58 2.67 7.86 
250 4.75 14.39 2 . 37 7 .42 
300 4.45 13.95 2.07 7.42 
350 4.15 1 11.12 2.07 7 .42 
400 3.56 i 1 9.79 2.07 7.12 
Human RBCs were treated with 2 mM or 5mM PHZ in 
presence and absence of BHT both at 37 deg. C and 
4 deg C. The reaction was stopped after 150 min., 
and MDA estimated as described under METHODS. 
Fig. 6 
Effect of BHT on PHZ-induced lipid peroxidation of 
human rbc. Aliquots of washed rbcs were preincu-
bated with 100 uM BHT prior to initiation of the 
reaction with 0 to 10 mM PHZ. The samples were 
incubated for 150 min., prior to estimating the 
MDA formed as described earlier. 
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TABLE 2 
Effect o£ OuenchGrs and AntioxidanLs on PIlZ-inducGd 
Lipid Peroxidation in Human RBC Membrane* 
(Values are average of triplicate experiments) 
Nanomoles MDA Percent 
ADDITIONS per ml Packed Inhibition 
Cells 
NONE 1 1 0.9 
BHT (0.1 mM) 1 1.8 
Catalase (1000 units) 1 1-1 
Diphenylamine 1 (0.2 mM) . 1 1-3 
Mannitol (40 mM) 1 1.6 
Sodium Benzoate (40 mM) 1.1 
SOD (40 units) 1.8 
Thiourea (50 mM) 1 1.8 
PHZ (2 mM) 1 105.1 0.0 
PHZ (2 mM) + BHT (0.1 mM) 1 3.3 96.9 
PHZ (2 mM) + Catalase (1000 units) 1 4.5 95.7 
PHZ (2 mM) + Diphenylamine (0.2 mM) 1 22 . 3 78.8 
PHZ (2 mM) + Mannitol (40 mM) 1 13.8 86.9 
PHZ (2 mM) + Sodium Benzoate(40 mM) 1 16.7 84.1 
PHZ (2 mM) + SOD (40 units) 1 8.9 91.5 
PHZ (2 mM) + Thiourea (50 mM) 1 ' 4 . 0 96.2 
* Washed RBCs were subjected to hypotonic lysis and membranes 
prepared as described in METHODS". Membrane was then incu-
bated either alone with various antioxidants / quenchers 
or with these reagents along with PHZ. The samples were 
incubated for 60 min., at 37 deg. C before measuring MDA 
formation as described under METHODS. 
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Mannitol, sodium benzoate and diphenylamine were also highly 
protective and caused inhibition ranging from 79-87%. 
C. Effect of DM and EDTA - Both tl^ e specific chelator of 
Fe(III), DM and the non-specific heavy metal ion chelator EDTA 
were^ highly effective in preventing the PHZ-induced formation of 
MDA in the erythrocyte ghosts. DM was also highly effective in 
inhibiting the PHZ-induced MDA formation (Table As shown in 
Fig. 7 no significant MDA formation could be detected even in 
presence of 10 mM PHZ when EDTA was added to the reaction 
:(nixture. The effects could be observed both at 60 and 150 min. of 
incubation. 
D. Effect of Oxyhemoglobin - As shown in Table 4 relatively 
small effects on MDA formation were observed when oxyhemoglobin 
was added to hemoglobin-free erythrocyte ghosts in presence of 
PHZ. As evident from the data, oxyhemoglobin alone even at the 
highest concentration investigated caused no significant MDA 
formation. A small increase in the formation of MDA was however 
observed when ghosts were treated with PHZ and oxyhemoglobin. 
Inclusion of 0.5 mg/ml oxyhemoglobin led to about 50% increase in 
MDA formation over and above, the preparation treated with PHZ 
alone. 
E. Effect of Ascorbic acid on MDA formation - Ascorbic acid 
treatment alone resulted in a concentration dependent increase in 
the MDA formacion in the intact erythrocytes and the highest MDA 
formation was observed at 1.5 mM ascorbic acid concentration. 
Further i n c r e a s G in a s c o r b i c acid concentration resulted in no 
significant increase in the MDA formation. Exposure of rbcs to 
PHZ and ascorbate resulted in marked stimulation of PHZ-induced 
MDA formation. There was a rapid increase in PHZ-stimulated MDA 
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TABLE 3 
Human RBC Membrane Lipid Peroxidation'in 
presence of PHZ, EDTA and DM* 
(Values are average of triplicate experiments) 
ADDITIONS 
nanomoles MDA/ml Packed Cells 
60 min. | 150 min. 
NONE j 0.9 I 0.9 
PHZ I 106.4 I 116.6 
PHZ + DM I 1.3 I 2.7 
PHZ + EDTA I 3.1 I 4.9 
* Human RBC membrane was treated with 2 mM PHZ for 
60 and 150 min., at 37 deg. C in presence and 
absence of 5mM EDTA and 0.1 mM DM. MDA was 
estimated as descr-i^d -under: JsIETHODS . 
Fig. 7. 
Effect of EDTA on PHZ - induced lipid peroxidation 
of human rbc membrane. Human rbc membranes were 
incubated with 0, 1, 2, 5 and lOmM PHZ in presence 
and absence of 5 mM EDTA at 37 deg. C for 60 and 
150 min. After appropriate time reaction was 
stopped and MDA estimated. 
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TABLE 4 
Effect of Oxyhemoglobin on Lipid Peroxidation 
of PHZ-induced Human RBC Membrane* 
(Values are average of triplicate experiments) 
Oxyhemoglobin 
(mg / ml ) 
0.0 
0 . 1 
0.2 
0.3 
0.4 
0.5 
nanomoles MDA/ml Packed Cells 
PHZ 
0.0 
1.1 
+ PHZ 
23.3 
26.0 
27.8 
32.3 
33.4 
35.6 
* Human RBC membrane was treated with 0.5 mM PHZ 
for 10 min., at 4 deg. C with or without oxy-
hemoglobin as indicated and MDA estimated as 
described under METHODS. 
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formation till about 1.0 mM ascorbic acid after which the 
stimulatory effect of ascorbic acid decreased. MDA formation was 
about four fold higher when PHZ treatment was given in presence 
of 1.0 mM ascorbate. Ascorbate stimulated MDA formation in eryth-
rocytes marginally when added alone at 4 deg. C. No significant 
stimulatory effect of ascorbate on PHZ-induced MDA formation at 
this temperature was observed. However marked inhibition in MDA 
formation was observed at higher concentration of the drug ( 
Fig. 8 ). 
The nature of effects of ascorbate on PHZ-induced MDA 
formation in human erythrocyte ghosts was however quite differ-
ent. Ascorbate was highly inhibitory at all the concentrations 
investigated on the PHZ-induced MDA formation at 37 deg. C, 
although ascorbate treatment alone resulted in significant incre-
ase in the MDA formation. At 4 deg. C also a concentration 
dependent inhibition in the PHZ-induced MDA formation, was 
observed in the presence of ascorbate. Ascorbate also produced a 
concentration dependent increase in MDA formation in absence of 
PHZ at 4 deg. C ( Fig. 9 ). 
F. Effects of calcium ions on MDA formation in erythrocytes -
Inclusion of 2 mM calcium ions in the incubation mixture resulted 
in an increase in MDA formation which was more significant at 
lower concentration of PHZ. At higher concentrations of PHZ, MDA 
formation was only marginally higher than in samples treated with 
PHZ alone. Treatment with BHT caused marked inhibition in MDA 
formation both in presence and absence of calcium ions at all the 
PHZ concentrations investigated. As observed earlier, BHT protec-
tion was more marked at lower PHZ concentrations. The protective 
effect of BHT was however markedly lower in samples containing 
PHZ and calcium ions (Fig. 10). 
Fig. 8. 
Effect of ascorbic acid on PHZ - induced lipid 
peroxidation of human rbcs.Washed and packed human 
rbcs were incubated with 0 - 2 . 5 mM ascorbic acid 
in absence or presence of 10 mM PHZ, both at 37 
deg. C and 4 deg. C for 150 min. MDA formed was 
estimated as described earlier. 
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Fig. 9. 
Effect of ascorbic acid on PHZ - induced lipid 
peroxidation of human rbc membrane. Human rbc 
membrane was given treatment with varying concen-
tration of ascorbic acid both at 37 deg. C and 4 
deg. C for 150 min., in absence and presence of 
10 mM PHZ. MDA was estimated as described earlier 
in the text. 
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A small further increase in MDA formation was observed 
when calcium ionophoro was added Lo l-ho colls. Tho ionophore 
mediated stimulation was also more marked at lower PHZ concen-
tration. MDA formation in the calcium and ionophore treated 
preparation was higher as compared to the cells treated with PHZ 
and calcium in absence of ionophore.MDA formation in the 
preparation incubated with- EDTA in addition to calcium and iono-
phore were comparable with controls ( Fig. 11 ). 
I I - E F F E C T OF P H Z ON E R Y T H R O C Y T E 
M E M B R A N E SH G R O U P S 
A. Effect on intact rbcs - Human erythrocytes exposed to PHZ 
indicated a marked decrease in the membrane SH-content. As 
evident from the Fig.12, there was an initial rapid concentration 
dependent decrease in membrane SH groups in response to PHZ 
treatment that was followed by a more gradual decrease till a 
concentration of 10 mM PHZ. There was only a small difference in 
the membrane SH groups content between the preparation treated 
for 30 or 60 min. As shown further in subsequent section, increa-
sing amounts of hemoglobin become associated with the membrane 
as a result of incubation with increasing concentrations of PHZ. 
"the SH values obtained therefore may represent an overestimation 
due to contribution by hemoglobin SH groups. Because of the 
complications in the SH groups estimation due to association of 
large amounts of hemoglobin the time of incubation was restricted 
to 30 and 60 min., instead of the usual 150 min., as in 
experiments involving MDA formation. As shown in Fig. 13, most 
of the iodoacetate reactive SH groups appear to be oxidised 
as a consequence of 1-2 mM PHZ treatment as only small further 
decrease in membrane SH groups were observed as a result 
Fig. 10. 
Effect of PHZ, calcium ions and BHT on PHZ-induced 
lipid peroxidation of human rbcs. Hiiman rbcs were 
given treatment of 2 mM calcium ions in presence 
of 0,1,2,5 and 10 mM PHZ and 100 uM BHT at 37 deg. 
C for 120 min., and MDA estimated as described 
earlier in the text. ' 
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Fig. 11. 
Effect of calcium ions on PHZ - induced lipid per-
oxidation of human rbc. Human rbcs were exposed 
to 0/1/2,5 and 10 mM PHZ both in presence or 
absence of 2 mM calcium ions, 5 uM. calcium 
?Lonophore A23187, 5 mM EDTA and 100 uM BHT at 37 
aeg.'C. After 120 min., reaction was stopped and 
MDA estimated. 
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of treatment with the iodoacetate especially in preparations 
treated with 1 mM PHZ. 
B. Effect on rbc membrane - The sensitivity of the membrane 
SH groups to oxidation was far greater in the hemoglobin-free 
ghosts. Over 75% SH groups were oxidized in response to 1 mM PHZ. 
Only a small further decrease in SH groups was evident when the 
PHZ concentration was raised to 10 mM. 
EDTA was only partially effective in restricting the 
effects of PHZ on the membrane SH groups ( Fig. 14 and Fig. 15 ). 
DM was however incapable of exerting any significant effect on 
the PHZ-induced decrease in the membrane SH groups. 
C. Effect of quenchers and antioxidants - Effect of various 
quenchers and antioxidants on the SH-content of the membranes is 
given in Table 5. None of the compounds investigated exhibited 
remarkable protection against membrane SH group oxidation. The 
agents investigated included antioxidants BHT, thiourea and diph-
enylamine that protected the SH groupr> of ghosts by only 1-6 %, 
over those that were treated with PHZ alone. The hydroxyl 
radicals quenchers, catalase and SOD also caused only minor 
effects in the PHZ-induced SH oxidation. 
D. Effect of oxyhemoglobin - As evident from the Table 6 
inclusion of oxyhemoglobin has significant effect on the PHZ-
induced oxidation of membrane SH groups. 0.5 mM PHZ was capable 
of inducing the oxidation of 66 % in the membrane SH group. 
Inclusion of oxyhemoglobin caused a further concentration depend-
ent decrease in the membrane SH groups and at 0.5 mg oxyhemoglo-
bin/ml only 19 % SH groups, could be detected using DTNB reagent. 
Fig. 12. 
Effect of PHZ concentration on the membrane SH 
groups. One ml of washed human rbcs were treated 
with appropriate concentrations of PHZ in a total 
volume of 4 ml in isotonic Tris-buffered saline pH 
7.4 for 30 and 60 min., at 37 deg. C. After appro-
priate time the rbcs were washed three times with 
the buffer. Membranes were then prepared and 
washed several times with 5 mM Tris-buffer pH 7.4. 
The membrane SH-content was determined by the 
procedure of Ellman (1959) and as modified by 
Haest et al. (1981) and protein content by the 
method of Lowry ^ ^.(1951) as described earlier. 
SH-content of untreated ghosts were taken as 100. 
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Fig. 13. 
Effect of lodoacetate on SH-content of PHZ-treated 
human rbc membrane. The membrane of PHZ-treated 
rbcs were isolated and incubated with or without 
10 mM iodoacetate at pH 8.0 for 30 and 60 min., at 
37 deg. C essentially following the method of 
Fischer ^ l^.i^ ^^ g^ gj . The reaction mixture was 
centrifuged and the pellet containing membrane was 
isolated. SH groups and protein determined as 
described earlier. SH-content of untreated ghosts 
were taken as 100. 
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Fig. 14. 
Effect of EDTA on PHZ-induced SH oxidation in the 
human erythrocyte membrane. Human rbc membranes 
were prepared and given treatment of 0,1,2,5 and 
10 mM PHZ at 37 deg.C for 60 and 150 min.,respect-
ively, both in presence and absence of 5 mM EDTA. 
Membrane SH groups and protein content determined 
as described earlier. SH-content of untreated 
ghosts were taken as 100. 
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Fig. 15. 
Effect of EDTA and DM on PHZ-induced SH oxidation 
in the human rbc membrane. Human rbc membrane was 
prepared as described earlier and then given 
treatment of 2 mM PHZ in presence and absence of 
0.1 mM DM and 5 mM EDTA, both for 60 and 150 min., 
at 37 deg. C. After appropriate time intervals 
reaction was stopped and membrane collected. 
Membrane SH groups and protein were estimated as 
described earlier in the text. For calculation of 
percent SH groups, the value of untreated ghost 
was considered 100. 
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TABLE 5 
Effect of Quenchers and Antioxidants on PHZ-induced 
SH oxidation in Human RBC Membrane * 
( Values are average of triplicate experiments ) 
ADDITIONS Percent 
SH Groups 
NONE 100.0 ** 
BHT (0.1 mM) 100.0 
Catalase (1000 units) 100.0 
Diphenylamine (0.2 mM) 99.6 
Mannitol (40 mM) 98.2 
Sodium Benzoate (40 mM) 99.6 
SOD (40 units) 99.6 
Thiourea (50 mM) 99.1 
PHZ (2 mM) 22.0 
PHZ (2 mM) + BHT (0.1 mM) 26.0 
PHZ (2 mM) + Catalase (1000 units) 27.2 • 
PHZ (2 mM) + Diphenylamine (0.2 mM) 23.4 
PHZ (2 mM) + Mannitol (40 mM) 28.1 
PHZ (2 mM) + Sodium Benzoate(40 mM) 31.5 
PHZ (2 mM) + SOD (40 units) 24.1 
PHZ (2 mM) + Thiourea (50 mM) 29.3 
* Membranes, prepared as described earlier in the text, 
were incubated either alone with various antioxidants, 
quenchers, catalase or SOD or along with PHZ for 60 min., 
at 37 deg. C. SH was estimated as given in METHODS. 
** For calculation of percent SH groups the value 470.0 nan-
omoles SH per mg protein was considered 100. 
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TABLE 6 
I'IfJc'cL ol Oxylu.MiKKj I ol) i II on I'll/,-i iicJucocJ SlI Ox i daL i on 
of Ijujtian RBC Membrane * 
( Values are average of triplicate experiments ) 
Oxyhemoglobin 
( mg / ml) 
0 . 0 
0.1 
0.2 
0.3 
0.4 
0.5 
Percent SH Groups 
- PHZ 
100.0 ** 
I 96.0 
+ PHZ 
34.0 
30.0 
25.0 
22 .0 
20 .0 
19 .0 
* Human RBC membrane was treated with 0.5 mM 
PHZ for 10 min.,at 4 deg. C both in presence 
and absence of oxyhemoglobin as indicated.SH t 
groups were estimated as described under 
METHODS. 
** For calculation of percent SH the value of I 
469.0 nanomoles SH per mg protein was consi-
dered 100. 
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I I I - F O R M A T I O N OF S U P E R O X I D E A N I O N BY 
P H Z - T R E A T E D G H O S T S 
Formation of superoxide anion could be readily demons-
trated when hemoglobin-free ghosts were treated with PHZ. As 
shown in Fig. 16 a time dependent increase in the absorbance at 
560 nm, a measure of NBT reduction could be observed in response 
to 10 mM PHZ. EDTA restricted but did not completely prevent the 
formation of superoxide anion. No reduction in NBT could be 
however observed when PHZ or ghosts were separately treated with 
NBT under the same conditions. 
I V - E F F E C T OF P H Z ON R B C A N D R B C 
M E M B R A N E ^ P H O S P H O L I P I D C O M P O S I T I O N 
The effect of PHZ treatment on the intact erythrocytes 
and erythrocyte ghosts is given in Tables 7 and 8. Sphingomyelin, 
PC, PS + PI and PE constituted respectively 25.1%, 34.3%, 15.9% 
and 24.7% of the total phospholipids in the intact cells. On 
treatment with PHZ there was small but clear decrease in the 
concentration of all the phospholipid classes, which were accomp-
anied by the formation of a fraction, that showed minimal 
mobility on TLC. This fraction accounted for about 10 % of the 
the total phospholipid in .the PHZ-treated preparation and was not 
present in control samples. Almost identical results were 
obtained when PHZ treatment was given to the erythrocyte ghosts. 
However, in the ghost preparations, the decrease in PE content 
was more marked and that of sphingomyelin appeared less 
significant. 
Fig. 16. 
Formation of superoxide radicals during exposure 
of human rbc ghosts to PHZ. One ml of human rbc 
ghosts were incubated with 10 mM PHZ in 5 mM Tris-
HCl buffer pH 7.4 in a total volume of 4 ml. 33 
mM NBT was also included in the reaction mixture 
and incubated for various time intervals. After 
appropriate time the reaction mixture was 
centrifuged and membranes collected. Then the 
absorbance of the sample was determined 
iimnediately. 
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TABLE 7 
Phospholipid Composition of PHZ-treated Human RBCs 
( Values are mean ± S.D. of three observations ) 
Phospholipids 
ug P/ml Packed Cells 
Normal Treated ** 
0.00 2.68 + 0.26 
6.15 ± 0.15 5.47 ± 0.10 
8.44 ± 0.36 7.75 ± 0.10 
3.91 + 0.47 
> 
3.21 ± 0.04 
6.08 ± 0.90 5.99 + 0.11 
Total Phospholipids * { % ) 
Normal Treated ** 
LP 
SM 
PC 
PI + PS 
PE 
0.00 
25.1 ± 1.2 
34.3 ± 1.4 
15.9 ± 1.7 
24.7 ± 3.4 
10.7 ± 0.9 
21.7 ± 0.5 
30.9 ± 0.5 
12.8 + 0.3 
23.9 + 0.2 
* Individual PL classes is expressed as percentage of total 
phospholipids. 
** RBCs were isolated from human blood obtained from blood 
bank as described under METHODS. These were treated with 
10 mM PHZ at 37 deg. C for 150 min., and phospholipid P 
estimated as given in METHODS. The amount of phospholipid 
P in mg qan be calculated by multiplying ug P value by 
0.025. 
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TABLE 8 
Phospholipid Composition of PHZ-treated Human RBC Membrane 
( Values are mean ± S.D. of three observations ) 
Phospholipids 
ug P/ml Packed Cells Total Phospholipids * 
( % ) 
Normal Treated ** Normal Treated ** 
LP 
SM 
PC 
PI + PS 
PE 
0.00 
6.43 ± 0.26 
8.00 ± 0.06 
4.15 ± 0.12 
6.60 ± 0.26 
2.85 ± 0.26 t 
6.07 ± 0.09 
7.51 ± 0.75 
3.46 + 0.07 
5.14 ± 0.07 
0.00 
25.5 ± 0.7 
31.8 ± 0.7 
16.5 ± 0.6 1 
26.2 ± 0.7 
11.4 ± 0.6 
24.3 ± 1.2 
30.0 ± 1.7 
13.8 ± 0.3 
20.5 + 0.8 
* Individual PL classes is expressed as percentage of total 
phospholipids. 
** RBC membranes were prepared from human blood obtained from 
blood bank as described under METHODS. Membranes were tre-
ated with 10 mM PHZ at 37 deg.C for 150 min., and phospho-
lipid P estimated as given in METHODS. The amount of phos-
pholipid P in mg can be calculated by multiplying ug P 
value by 0.02 5. 
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V - E F F E C T OF P H Z ON H U M A N R B C M E M B R A N E 
P O L Y P E P T I D E C O M P O S I T I O N 
A. Studies with intact rbcs - Erythrocytes treated with app-
ropriate quantities of PHZ in the given set of conditions were 
thoroughly washed and subjected to hypotonic hemolysis and 
washings to obtain ghosts as described in "Methods". The ghosts 
were washed several times with the hypotonic buffer to remove as 
much hemoglobin as possible. Untreated erythrocytes were also 
processed similarly to obtain hemoglobin-free control ghosts. 
Figure 17 describes the typical polypeptide composition of the 
human erythrocyte ghosts. The major polypeptides are numbered as 
per the nomenclature of Fairbanks ^ (1971) and the molecular 
weights indicated. The band corresponding to hemoglobin generally 
did not appear or rarely appeared as a very faint band. Figure 18 
summarizes the effects of PHZ on the human erythrocyte membrane, 
when the treatment was given to the intact cells at 37 deg.C. 
SDS-PAGE was performed in the absence of |3-mercaptoethanol. The 
preparations obtained after PHZ treatm>.;nt were rich in hemoglobin 
and the band of approximately Mr 29 , 000. There was a time 
dependent increase in the staining in the region of bands 7 and 
8, both in response to 1 mM and '' mM PHZ. In addition a 
significant increase in staining in the 2.1 region as well as in 
the region of band 4a and 4b was also observed. A significant 
increase in the high molecular weight material that failed to 
enter the gels was also observed in the erythrocytes subjected to 
PHZ treatment. In addition most of the bands appeared diffused. 
Ghosts prepared from rbcs treated with higher concentration of 
PHZ retained far more hemoglobin and it became difficult to 
resolve them into various polypeptide fractions. Because of the 
Fig. 17. 
The polypeptide composition of human rbc membrane. 
Washed human rbcs were subjected to hypotonic 
hemolysis and the ghosts collected by centri-
fugation. The ghosts were washed separately to 
remove hemoglobin. The washed membranes were 
solubilized in sample buffer containing SDS, 
sucrose, Tris-HCl (pH 7.4), EDTA (pH 7.4) and 
Pyronin Y solution. The ghosts were subjected to 
electrophoresis as detailed in the text. The 
bands are numbered according to the nomenclature 
of Fairbanks et aj,. (1971). 
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Fig. 18. 
Polypeptide composition of the PHZ-treated eryth-
rocytes . The washed human rbcs were treated with 
1 mM (A) or 2 mM (B) of PHZ for 30 and 60 min., at 
37 deg. C as described earlier and subjected to 
SDS-PAGE in absence of (3-mercaptoethanol. Arrows 
indicate the high molecular weight aggregate and a 
band corresponding to a Mr of approximately 29,000 
respectively. Gel a is control. Gels b and c are 
PHZ-treated for 30 and 60 min., respectively. 
-72-
(A) (B) 
• I 
Aggregate 
b c 
-73-
presence of varying amounts of hemoglobin in the membrane of PHZ-
treated cells, it was not possible to load samples containing 
comparable amounts of membrane proteins on the gels. 
As evident from the Fig. 19, when the membranes from 
the PHZ-treated cells were subjected to SDS-PAGE in presence of 
40 mM |3-mercaptoethanol, several changes in the polypeptide 
composition observed in samples subjected to electrophoresis in 
the absence of thiol reductant could be reversed. As evident in 
the figure most of the material that was retained on the top of 
the gels in the preparations treated with 2 mM PHZ disappeared 
and the polypeptides migrated as sharper bands. In addition the 
staining in the region of band 7 that presumably represents 
hemoglobin dimer became less intense. 
Characterization of the Aggregate - In view of the observations 
that some of the oligomeric material, formed as a result of PHZ 
treatment, could be reduced to yield small molecular weight 
polypeptides. Attempts to characterize it were made. For this 
purpose,the top regions of the electrophoresed unstained gels 
containing the membranes of the PHZ-treated rbcs were cut and 
homogenized. The suspensions, thus obtained, was added on to a 
second gel and SDS-PAGE was performed in the presence of 40 mM J3-
mercaptoethanol. As shown in Fig. 2 0 the aggregated material 
migrated as bands corresponding to spectrin polypetides, and not 
so intense bands corresponding to Mr 70,000 and Mr 64,000 in the 
the band 4.5 region. There was no evidence of significant 
staining in the region, corresponding to band 3 or other major 
polypeptides. A small amount of the large mol.ecular weight aggre-
gate could also be seen on gels run in the presence of j3-mercap-
toetanol. 
Fig. 19. 
Polypeptide composition of PHZ-treated rbcs in 
presence of B-mercaptoethanol. Washed human rbcs 
were treated with 2 mM FHZ for 60 min.,at 37 deg.C 
as described earlier. SDS-PAGE was carried out in 
absence or presence of 40 mM |3-mercaptoethanol. 
Gel a is control, gel b is PHZ-treated in presence 
of p-mercaptoethanol and gel c is PHZ-treated in 
absence of |3-mercaptoethanol. 
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Fig. 20. 
Determination of the composition of the high 
molecular weight cross-linked adduct. Human rbcs 
were treated with 2 mM PHZ for 60 min.,at 37 deg.C 
as described earlier. Ghosts were prepared and 
subjected to SDS-PAGE in absence of (i-mercapto-
ethanol. One of the paralell gels was stained and 
the area corresponding to the high molecular 
weight material at the top from the other gels 
were cut and placed on top of a fresh gel. 
Electrophoresis was performed under the standard 
conditions in presence of SDS and 40 mM |3-mercap-
toethanol and the gels were stained with commassie 
blue. Arrows indicate the bands corresponding to 
spectrin polypeptides, Mr 70,000 and 64,000 respe-
ctively. Gel a is rbc membrane, gel b is high 
molecular weight aggregate from PHZ-treated rbcs. 
-75-
a b 
-76-
Effects of Calcium on PHZ-mediated changes in the rbcs - The 
effect of inclusion of 2 mM calcium ions in human erythrocytes 
treated with 1-5 mM PHZ is shown in Fig. 21. As evident from the 
figure, incubation of the erythrocytes with 2 mM calcium alone 
caused no significant alteration in the polypeptide composition 
of the erythrocyte membranes(Lane b).When the calcium treatment 
was given in the presence of PHZ however, significant alterations 
were observed. PHZ treatment resulted in alterations of the 
polypeptide composition as described earlier and the membranes 
retained considerable amounts of hemoglobin. In presence of 
calcium ions however, the cells exhibited a decrease in the 
spectrin polypeptides and the intensity of band 3. Some bands in 
the 4.5 region also became less intense. Comparable effects but 
of greater magnitude were observed when the calcium treatment was 
given along with higher concentration of PHZ. The diffusion of 
the various bands in the gels was also more marked at higher PHZ t 
concentrations. 
B. Effect of PHZ on the rbc membrane - Hemoglobin-free eryth-
rocyte ghosts prepared as described earlier were used for this 1 
study. The membranes were given various treatments, washed with 
the buffer after the treatment and subjected to SDS-PAGE. As 
compared to the effects observed with the intact cells, PHZ 
treatment caused more extensive cross-linking in the membrane, 
both at 2 mM and 10 mM concentrations. Most of the polypeptides 
appeared cross-linked and spectrin polypeptides disappeared 
from the gel. A significant amount of the aggregated material 
was retained on the top of the gel as evident from the deep 
staining with dye ( Fig. 22 ), Most but not all of this material 
disappeared when the gels were run in presence of |3-mercaptoetha-
nol. However, the gels also showed only relatively small amounts 
of spectrin polypeptides as compared to the control ghosts 
Fig. 21. 
Polypeptide composition of PHZ-treateci rbcs in 
presence of calcium ions. Human rbcs were exposed 
to 0,1,2 and 5 mM PHZ both in presence and absence 
of 2 mM calcium ions at 37 deg.C for 120 min.After 
appropriate time reaction was stopped and 
membranes were then prepared as described earlier. 
Lane a represents control. Lane b is only calcium 
treated. Lanes c, e and g are PHZ-treated 1, 2 and 
5 mM, while lanes d, f and h are calcium ions and 
PHZ-treated 1, 2 and 5 mM respectively. 
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( Fig. 23 ). The disaggregation appeared less complete in samples 
treated with 10 mM PHZ as compared to the samples treated with 2 
mM PHZ. 
When the material, that was retained on the top of the 
gel, was subjected to re-electrophoresis in presence of j3-niercap-
toethanol, bands corresponding to spectrin polypeptides band 3 
and most of the polypeptides present in the erythrocyte ghosts 
could be detected, suggesting the involvement of almost all the 
polypeptides in the formation of the aggregate ( Fig. 24 ). It is 
of interest to note that the aggregated material formed when the 
intact erythrocytes were treated with PHZ did not exhibit even 
traces of band 3, when it was subjected to re-electrophoresis in 
the presence of J3-mercaptoethanol. 
Effect of EDTA and DM - The capacity of EDTA 'and DM on PHZ-
induced alterations in membrane polypeptide composition are shown 
in Fig. 25. Most significant among the PHZ-induced alterations 
being the formation of large molecular weight material that 
failed to enter the gel and disappearance of spectrin polypep-
tides. As evident from the figure, the spectrin polypeptides 
disappeared almost completely and band 3 showed a very marked 
decrease in the intensity along with the formation of oligomeric 
material retained on the top of the gel in response to PHZ 
treatment. While DM was much less effective in protecting the 
membrane against the changes, in the samples treated with PHZ 
and EDTA the spectrin polypeptides can be clearly seen although 
these were of far lower intensity than the control ghosts. How-
ever, the formation of the oligomeric material was not prevented 
and the band 3 of these preparations appeared far less intense. 
In the ghosts treated with EDTA alone, significant elution of 
spectrin or other polypetides was not observed under the 
Fig. 22. 
Effect of PHZ on polypeptide composition of human 
erythrocyte ghosts. Hemoglobin-free erythrocyte 
ghosts were prepared as described earlier. The 
ghosts were treated with either 2 or lO mM PHZ for 
150 min. Panel (A) lanes a and b contained control 
and 2 mM PHZ-treated ghosts respectively.Panel (B) 
lanes a and b contain control and 10 mM PHZ-
treated ghosts respectively. 
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Fig. 23. 
Electrophoresis of PHZ-treated ghos.ts in presence 
of B-mercaptoethanol. The experimental details 
are same as in Fig. 22, except that /3-mercaptoeth-
anol was included in the electrophoresis buffer. 
Panel (A) lanes a and b contained control anfi 2 mM 
PHZ-treated ghosts respectively. Panel (B) lanes a 
and b contained control and 10 mM PHZ-treated 
ghosts respectively. 
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Fig. 24. 
Determination of the composition of the high 
molecular weight cross-linked adduct of, PHZ-
treated membrane. Human rbc membrane was treated 
with 2 mM (A) and 10 mM (B) PHZ for 150 min., as 
described earlier. Ghosts were subjected to SDS-
PAGE. One of the two paralell gels were stained 
and the area corresponding to the high molecular 
weight material at the top from other gels were 
cut and pooled. The fragmented gel was then 
enclosed in a dialysis bag and subjected to 
electroelution as described in the text.The eluted 
material was concentrated and subjected to SDS-
PAGE. Lane a is normal rbc ghost and lane b is 
high-molecular weight aggregate. 
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Fig. 25. 
Effect of EDTA and DM on PHZ-induced alterations 
in human rbc membrane polypeptide composition. 
Human rbc membrane prepared as described earlier. 
Membranes were then exposed to 2 mM PHZ in 
presence and absence of 0.1 mM DM and 5 mM EDTA 
for 60 min,, at 37 deg. C. SDS-PAGE was then 
carried out as described earlier. Lane a is 
control, lane b is EDTA-treated, lane c is PHZ-
treated, lane d is PHZ and EDTA treated and lane e 
is PHZ and DM treated. 
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conditions of the experiment. It was difficult to visualize the 
effects of DM on the PHZ-induced alterations and the polypeptide 
composition of the preparation treated with PHZ in presence or 
absence of DM looked almost indistinguishable. 
t 
In order to investigate the possible effects of oxyhemo-
globin on the the PHZ-induced alterations in the human erythro-
cyte ghosts, hemoglobin-free human erythrocyte ghosts were incu-
bated with PHZ in presence of varying amounts of oxyhemoglobin. 
As shown in Fig. 2 6 inclusion of oxyhemoglobin in the reaction 
mixture appeared to slightly increase the disappearance of 
spectrin polypeptides from the membrane as only a marginal 
increase in the hemoglobin retained by the ghost was observed at 
higher concentrations. 
Fig. 26. 
Polypeptide composition of PHZ-treated erythrocyte 
ghosts in presence of human oxyhejnoglobin. , Condi-
tions of the experiment are same as given in Table 
6. Lane a is control, lane b is 0.5 mM PHZ, lane c 
is PHZ-treated and 0.1 mg/ml oxyhemoglobin; lane d 
is PHZ-treated and 0.2 xag/ml oxyhemoglobin; lane e 
is PHZ-treated and 0.3 mg/ml oxyhemoglobin^ lane f 
is PHZ-treated and 0.4 mg oxyhemoglobin/ml and 
lane g is PHZ-treated and 0.5 mg oxyhemoglobin/ml 
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The unique role of iron in the transport and metabolism 
of oxygen in living organisms primarily reflects the ease with 
which it facilitates electron transfersu Exposure of cells to 
oxygen radicals and the consequent damage is therefore insepe-
rably associated with the life processes. The rbcs of higher 
animals, due to the presence of high concentration of iron and 
polyunsaturated fatty acids in the membrane, are particularly 
vulnerable to the potential hazards of aerobic environment. 
While the rbcs are certainly endowed with a number of 
antioxidants and reduction mechanisms, their ability to detoxify 
oxygen radicals is not unlimited and is restricted to conditions 
in which strict separation of iron and lipids is preserved. 
Antioxidant defence goes astray, when the cells become deficient 
in enzymes that maintain reducing potential of the cell or when 
challenged with strong oxidants or the oxidative stress (Hebbel, 
1986) . 
In the healthy rbcs, under normal conditions,the 
oxidative challenge begins with the generation of superoxide 
radicals, arising from the turnover of MHb (Carrell ^ ^.,1975). 
The superoxide radical is readily converted to H2O2 either 
spontaneously or by the action of SOD. The H2O2 can react with 
Fe(II) to produce the hydroxyl radical, hydroxyl anion and 
Fe(III). The importance of superoxide radical lies in its 
ability to reduce Fe(III) to Fe(II). The reaction can be written 
as follows (Haber-Weiss, 1934). 
H2O2 + Fe(II) >Fe(III) + -OH + OH" 
•02~ + Fe(III)^ >Fe(II) + O2 
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Since Fe(II) is required for the subsequent reactions 
involving hydroxyl radical formation, its availability is 
critical. Indeed a number of naturally occurring reductants like 
glutathione, flavonoids and ascorbate may potentially substitute 
for superoxide radical in the above reaction (Halliwell and 
Gutteridge, 1984). 
Hydroxyl radicals exhibit extremely high reactivity and 
react with a wide spectrum of organic molecules (Dorfman and 
Adams, 1973; Wilson,1979). Location of the hydroxyl radical 
formation in the cell is therefore of utmost importance as the 
hydroxyl radical has a short half life of 7 x 10"^® sec.,(Howard, 
1972). Available evidence suggests that cytoplasmic generation of 
hydroxyl radical may be relatively harmless to the membrane 
whereas that generated within or in the close proximity of the 
membrane may be critical in cell injury (Hebbel, 1986). 
PHZ, as has been discussed at length earlier, can cause 
the formation of superoxide radical and H2O2 in the rbcs(Goldberg 
and Stern, 1975; Misra and Fridovich, 1976). In addition highly 
reactive products of PHZ such as PDA and PDAR, that readily react 
with proteins and other cellular constituents, may also be formed 
(Misra and Fridovich, 1976). A schematic representation of the 
possible events initiated by the reaction of PHZ with hemoglobin, 
that may lead to the PHZ-induced damage as described by Hill and 
Thornalley (1983) is given in Fig. 27. While several, nearly 
unequivocal studies suggest lipid peroxidation in PHZ-exposed 
rbcs (Tsao ^ , 1977; Jain and Hochstein,1980 a; Goldstein ^ 
, 1980; Bates and Winterbourn, 1984; Rice-Evans and Hochstein, 
1981; Jain and Subramanyam, 1978 a; Valenzuela ^ a^-, 1977), 
others have failed to detect appreciable lipid peroxidation 
(Vilsen and Nielsen, 1984; Winterbourn and Carrell,1972; Goldberg 
Fig. 27. 
A mechanism for PHZ-induced attack and defence 
mechanims.G-6PD, glucose-6phosphate dehydrogenase; 
GSSGR, glutathione peroxidase;Hb, hemoglobin; SOD, 
superoxide dismutase; CAT, catalase; GSH-Pj^, glut-
athione peroxidase; Ph*, Phenyl radical. 
( reproduced from Hill and Thornalley, 1983 ) 
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and Stern, 1977). Peroxidation of phospholipids generates MDA and 
several MDA-like aldehydes and ketones, all of which react with 
TBA (Bird and Draper, 1984). However, for the sake of simplicity, 
TBA-reactivity is equated with MDA, since MDA is the major 
reactive product generated during membrane peroxidation (Pradhan 
^ ai. , 1990). 
Using relatively high concentrations of PHZ and longer 
incubation time we could demonstrate a concentration and time 
dependent increase in the PHZ-induced TBA-reactive material in 
human rbcs (Fig. 2 and 3). The method employed for the detection 
of lipid peroxidation is based on the formation of stable yellow 
colour product absorbing at 532 nm. The procedure appears 
reliable especially for in vitro studies inspite of the risk 
interference by several compounds (Knight ^ , 1988). The 
apparently contradictory results on lipid peroxidation reported 
earlier may be related to a number of factors including 
dissimilar reaction conditions, use of inadequate PHZ 
concentration and use of rbcs derived from various animal species 
(Arduni and Stern, 1985). Cellular antioxidant defence may 
completely protect the membrane by detoxifying the reactive 
radicals if PHZ concentrations are inadequate. The level of the 
cellular protective mechanism and membrane vitamin E (Hebbel, 
1986; Goldstein ^ , 1980) may not be same in all the animal 
species investigated and may even vary from one sample to 
another within the same species. One technical problem especially 
related to earlier studies is the rapid loss of the highly water 
soluble MDA formed during lipid peroxidation from the c^ gll 
membrane or its complete reactions with either protein or lipids" 
(Vilsen and Nielsen, 1984; Winterbourn and Carrell,1972;Goldstein 
^ , 1980), thereby minimizing the amount available for 
reaction with TBA. TBA reaction was therefore performed in the 
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present study on the entire reaction mixture rather than on 
washed cells. There was very little difference in values of MDA 
and membrane SH-content between fresh and outdated human eryth-
rocytes and their response to PHZ was also comparable. 
As shown in Fig. 2 and 3 the concentration or time 
dependent increase in MDA formation was biphasic, suggesting 
rapid peroxidation of some of the lipids and slower oxidation pf 
the remaining. While we have no information on the possibility of 
some fatty acids being more reactive in this regard than other, 
the biphasic behaviour can be explained by such a presumption. 
The low MDA formation observed at 4 deg. C may be related to 
alterations in the fluidity of the membrane and decreased fatty 
acid peroxidation as a consequence of the greater interaction 
between fatty acyl chains of the membrane phospholipids(Allan and 
Walklin,1988). Lower formation of due to lower activity of 
SOD at 4 deg. C may also account for the limited formation of 
hydroxyl radical and consequently lower lipid peroxidation. Ward 
et (1985) demonstrated, during their studies with Chinese-
hamster ovary cells that H2O2 has very low toxicity at 0 deg. C 
as compared to that at 37 -deg. C. In a subsequent study Jonas ^ 
al.(1989) observed low toxicity of H2O2 in a mammalian epithelial 
cell line and demonstrated that the low temperature resistance 
of the cells is abolished by treatment of the cells with 
reductants like lipoic acid and ascorbate. Since the restoration 
of cytotoxic effect of ascorbate was prevented by DM the authors 
concluded that at low temperature there is depletion of the cells 
of reducing potential and as reduction of Fe(III) to Fe(II) is 
essential for its subsequent reaction with hydroxyl radical, 
toxicity is restored in presence of reductant. While these 
studies were done with nucleated cells and damage was assessed in 
tissue cell death, similar factors may contribute to the decrease 
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in PHZ-induced MDA formation at low temperature in rbcs. 
Comparable results were obtained when PHZ-treated 
hemoglobin-free rbc ghosts that exhibited lipid peroxidation also 
showed both time,concentration and temperature dependent increase 
in the MDA formation (Fig. 4 and 5). The relatively large amount 
of MDA formed may be related to the lack of' antioxidants in the 
washed membranes or to the presence of larger number of ghost 
cells as compared to the rbcs, in each ml packed cells. 
Ghosts used in this study (Fairbanks ^ 1971) did 
not contain hemoglobin and the reaction was performed at neutral 
pH. Peroxidation observed may therefore be initiated by metal 
ions associated with the membrane as in the absence of metal 
ions, PHZ can cause the production of the radicals only at 
alkaline pH (Misra and Fridovich, 1976). In an earlier study 
Rice-Evans and Hochstein (1981) also demonstrated the formation 
of MDA accompanied by decrease in the membrane viscosity. The 
observed protective effect of BHT, a potent inhibitor of lipid 
peroxidation that acts • presumably as a chain reaction-
terminating antioxidant (Porter, 1980), has been shown to block 
Fe(III) mediated lipid peroxidation of erythrocyte membrane (Ko 
and Godin, 1990; Braughler ^ , 1986; Piette ^ , 1984) and 
restrict the membrane polyunsaturated fatty acid degradation and 
ensuing leak formation in erythrocytes exposed to iodoacetate, 
vanadate and ferricyanide (Heller ^ , 1987).Highly protective 
effects of BHT on PHZ-induced lipid peroxidation were observed in 
intact rbcs and ghosts (Table 1, Fig. 6 and Table 2). 
Due to lack of permeability barrier the protective role 
of a number of free-radical quenchers, chelators,SOD and catalase 
t on PHZ-induced MDA formation in the rbc ghost were investigated. 
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Hydroxyl radical scavangers iriannitol and sodium benzoate (Krishn-
amurthy and Jayanthi Bai, 1984 ) were highly effective in 
inhibiting PHZ-induced lipid peroxidation, strongly implicating 
the role of hydroxyl radicals. In a recent study Chakrabarti ^ 
al. (1990) have demonstrated the formation of hydroxyl radical in 
the human rbc ghosts exposed to PHZ. Thiourea was more effective, 
presumably due to its ability to scavenge hydroxyl radical as 
well as to chelate iron (Halliwell, 1978; Moorhouse ^ al. , 
1985). Diphenylamine, an antioxidant, that protects membrane 
alterations which are peroxidative in nature (Heller Gt 
^.,1987), also inhibited lipid peroxidation in our studies 
(Table 2). The strong protective effect observed with EDTA 
suggests the involvement of metal ions and with DM that of iron 
(Table 3 and Fig. 7). DM is a potent chelator of Fe(III) ions 
and forms catalytically inactive complexes with it (Sadrzadeh ^ 
al. , 1984), although it has also been shown to form complexes 
with vanadate (Darr and Fridovich, 1985). Since DM does not 
chelate heme-iron and ferritin-iron (Kuross and Hebbel, 1988) the 
role of non-heme, non-f©rritin iron becomes evident. While 
association of non-heme iron with ghost membranes was not 
investigated in this study, presence of a small amount of the 
same may account for most of the observations. Although. Tris 
buffer used in this study was free of iron, the contamination 
with traces of iron cannot however be ruled out. While Kuross and 
Hebbel (1988) could not detect significant non-heme iron in 
human erythrocyte membranes, they did observe significant amounts 
of heme-iron in membranes derived from normal individuals. 
Interestingly the same study also showed transformation of heme-
iron to non-heme iron in response to tert-butylhydroperoxide 
treatment. Gutteridge (1986) has in an earlier study demonstrated 
that peroxides may release iron f rom ' the heme during lipid 
peroxidation. Non-heme iron can catalyze the Haber-Weiss 
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reactions i.e. reaction of superoxide anion with H2O2 to give 
rise to oxygen and hydroxyl radical and hydroxyl ion (Rice-Evans 
et al. , 1986 ). The membrane associated iron seems to bind 
specifically to the phospholipid PS (Kuross and Hebbel, 1988). 
The role of iron in the lipid peroxidation is also evident from 
Table 3 and Fig. 7. 
As evident from Table 4 when oxyhemoglobin was added to 
PHZ-treated ghosts, it further enhanced lipid peroxidation to 
some extent. Our findings are in agreement with those of Puppo 
and Halliwell(1988) who suggested that hemoglobin is a biological 
Fenton reagent and oxyhemoglobin is rapidly oxidized by peroxides 
and MHb is degraded with the apparent release of ionic iron. 
Mixing of oxyhemoglobin and rapidly generates a reactive 
species that can degrade •deoxyribose to TBA-reactive material. 
The ability of oxyhemoglobin to generate a reactive oxidant 
species in the presence of low concentrations of H2O2 and the 
ease with which MHb released iron in a form that can stimulate 
lipid peroxidation and hydroxyl radical formation (Halliwell and 
Gutteridge,1985/ 1986), provides a logical explanation of our 
observations. 
The effect of ascorbic acid on lipid peroxidation in 
presence of trace amounts of iron has been investigated in 
microsomes(Wills, 1966 and 1969), liposomes(Agarwal et aJ., 1984) 
and in brain synaptosomes (Braughler et al., 1986). In all cases 
lipid peroxidation is stimulated at 'low concentration of 
ascorbate but inhibited at high concentrations. The stimulatory 
role is ascribed to the ability of ascorbate to reduce Fe(III) to 
Fe(II) and maintain optimum Fe(lli)/ Fe(II) ratio which appears 
to be important for lipid peroxidation. At high concentrations 
the ascorbate completely converts Fe(III) to Fe(II) form and 
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hence inhibits lipid peroxidation. During studies with the role 
of ascorbate in ethanol-induced lipid peroxidation, it has been 
shown that ascorbate can react with hydroxyl radical and pass on 
a proton to it and gets itself converted to ascorbate radical 
(Ahmad ^ , 1988). The latter can extract a hydrogen from 
ethanol to produce hydroxyethyl radical that are more stable than 
the hydroxyl radicals and have been suggested to cause enhanced 
lipid peroxidation. Whether ascorbate can form such radicals from 
PHZ is not known but this is not unlikely in view of the 
possibility of formation of several kinds of radicals (PHZR, PR) 
from PHZ (Misra and Fridovich, 1976)(Fig. 8). Lack of stimulatory 
effect of ascorbate on ghosts may be related to the absence of 
mechanism for oxidation of Fe(II) like those present in the 
erythrocytes (Fig. 9). Further work is however required to answer 
the question completely. 
Calcium ions seem to potentiate the peroxidation of the 
membrane lipids induced by PHZ. As evident from Fig. 10 and 11 
calcium ions stimulated MDA formation at all the concentrations 
of PHZ investigated. While the stimulatory effect was observed 
with calcium ions alone,it was significantly enhanced in presence 
of the ionophore. Administration of PHZ to rats has been shown to 
increase the cellular calcium concentration and inhibition of 
calcium-ATPase (Shalev ^ al., 1981). Evidently in presence of 
PHZ rbcs due to their inability to exclude them as a consequence 
of inhibition of calcium-ATPase accumulate calcium ions. This in 
turn results in the enhancement in lipid'peroxidation. While the 
mechanism of MDA formation cannot be predicted, only partial 
inhibition by BHT suggests complex mechanism of calcium action. 
Since about 20 % cells were hemolysed at the highest investigated 
PHZ concentration, part of the effect of ionopHore may not be 
evident in these studies as the lipids of the hemolysed cells are 
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readily exposed to the added calcium ions. Jain and Shohet (1981) 
have also observed stimulation by calcium ions of xanthine 
oxidase or H202-induced peroxidation of the membrane. It is also 
of interest to note that older cells and sickle cells that 
contain elevated intracellular calcium and are more susceptible 
to lipid peroxidation ( Stocks et , 1971; Chui and Lubin, 
1979; Walls ^ , 1976 ). 
PHZ as evident from Fig. 12 and 13 caused a very marked 
decrease in the membrane SH-content when the treatment was given 
to intact cells. As pointed out earlier increasing amounts of 
hemoglobin become associated with membrane and this may lead to 
marked complications in the SH analysis. Vilsen and Nielsen 
(1984), using rabbit erythrocytes and far lower concentration of 
PHZ, demonstrated decrease in the membrane SH groups which they 
ascribed to the formation of cross-linking with disulfide 
exchange with hemoglobin rather than by primary oxidation. Both 
protein cross-linking as well as degradation resulting from 
activated proteolysis may be involved in the observed decrease of 
SH groups. It is however not possible to distinguish between the 
two mechanisms and the observed effects may be due to a 
combination of the two effects. As shown in Fig. 14, the 
hemoglobin-free ghosts are also high;|.y susceptible to SH 
oxidation in response to PHZ treatment and the effects could be 
only partly prevented by EDTA. DM was completely ineffective in 
protecting against SH oxidation, indicating lack of involvement 
of iron that could be chelated by this agent. Duri,ng studies with 
sickle erythrocytes Kuross ^ (1988) observed a direct 
correlation between thiol oxidation and amount of membrane 
associated heme-iron. It is likely that some free heme by virtue 
of being lipophilic (Tipping ^ f 1979; Ginsburg and 
Demel,1983) can be inserted into the bilayer. EDTA and DM may 
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therefore remain, inacesssible to a small amount of iron that 
may have been disassociated from the heme (Fig. 15). Indeed 
significant amounts of heme have been shown to occur in the 
ghosts obtained from normal human rbcs and the amount increases 
in the sickled erythrocytes membrane (Kuross and Hebbel, 1988). 
For similar reasons the various quenchers,SOD and catalase may be 
ineffective in protecting the membrane against SH oxidation 
(Table 5). The enhancement of SH oxidation by oxyhemoglobin could 
be also related to the availability of higher amounts of heme 
and presumably additional SH groups for thiol oxidation (Table 
6). 
Valenzuela ^ (1977) have demonstrated the formation 
of superoxide radical in response to PHZ in the intact rat rbcs. 
Data presented in Fig. 16 clearly shows an EDTA sensitive super-
oxide generation by the ghosts in response to PHZ treatment. 
Formation of superoxide radical during the autoxidation of PHZ 
has been demonstrated by Misra and Fridovich (1976). While we 
have not studied the formation of hydroxyl radicals, PHZ-induced 
hydroxyl radical formation catalyzed by metal ions has been, as 
discussed earlier, recently demonstrated by Chakrabarti ^ , 
(1990). As shown in Tables 7 and 8, while the effect of PHZ on 
total phospholipids of the membranes was not very significant, it 
was possible to demonstrate the formation of significant amounts 
of lysophospholipids in response to the PHZ treatment. Although 
slight decrease in most of the phospholipid fraction was 
observed, the effects appeared more prominent on PS and PE 
especially in the erythrocyte ghosts. PS and PE have been shown 
to be rich in polyunsaturated fatty acids (Maed, 1976; Williams 
et al. , 1969) and have been shown to be modified by oxidant 
treatment (Heller ^ al.', 1987^-Jain and Shohet, 1981) . These 
results also support the earlier observations that lysoderiva-
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tives of phospholipids may be formed on exposure to oxidant like 
H2O2 (Jacob and Lux, 1968; Benatti ^ al., 1982). 
The polyacrylamide gel electrophoresis of the rbc ghosts 
obtained after treatment of rbc with 1 mM and 2 mM PHZ yielded 
patterns which are somewhat similar to those observed by Reinhart 
et al. (1986). As compared to the results of Reinhart ^ al. 
(1986) ghosts obtained in the present study retained much smaller 
amounts of hemoglobin at comparable PHZ concentrations (Fig. 18). 
Hemoglobin dimers were also not observed in our studies. However, 
the amount of retained hemoglobin depends on the treatment with 
the thiol reductant and to some extent on the number of washes to 
which the ghosts were subjected to and this may be responsible 
for the variation observed in the hemoglobin content of ghosts 
obtained in this study and those of Reinhart ^ ( 1986). In 
agreement with the observations of Reinhart ^ (1986), lack 
of thiol reductant resulted in the smearing of bands which became 
sharper when /3-mercaptoethanol was incorporated in the electro-
phoresis buffer. This suggests some degre^ of formation of inter-
molecular disulfides. In contrast to the observation of Reinhart 
et al. (1986), who demonstrated little, if any high molecular 
weight aggregate in absence of thiol reductant, we could locate 
significant amounts of coomassie blue staining ir^ aterial at the 
top of the gels under similar conditions. This material was 
markedly decreased when the gels were run in presence of 
mercaptoethanol (Fig. 19). Loss of polypeptides corresponding to 
spectrin in response to PHZ treatment and appearence of large 
molecular weight adduct were observed by Jain and Hochstein (1980 
a) in rat reticulocytes. Reinhart et ^.(1986) also observed a 
decrease in spectrin polypeptides in response to 100 mg / dl PHZ 
treatment in vitro. Our studies in Fig. 20 show that the 
oligomeric material retained on the top of the gel in response to 
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PHZ consists mainly of spectrin and a polypeptide band in 4.5 
region. Spectrin bands readily undergo oligomerization via S-S 
bond formation in presence of SH oxidising reagents (Haest ^ 
al. , 1978). It is difficult to characterize the band appearing in 
the 4.5 region, which may be the proteolysed band 3 or a 
polypeptide of 4.5 region" itself. Several reports are available 
on the activation of proteolysis in the rbc membrane in response 
to PHZ treatment (Runge-Morris ^ , 1988 ; Yamamoto ^ 
al.,1989). As shown in Fig. 21, calcium ions do not elicit 
significant alterations in the erythrocyte membrane when the 
intact cells are incubated with them. However calcium ions seems 
to penetrate the cell when the incubation was performed in 
presence of PHZ. As evident from the Fig. 21, membranes isolated 
from cells treated with PHZ alone differed markedly from those 
that were incubated with PHZ and calcium ions. Loss of 
polypeptides in the regions corresponding to spectrin, ankyrin, 
bands 4.1 and 4.2 and some in the band 4.5 regions, clearly 
decreased on simultaneous treatment with calcium ions and PHZ. 
Calcium ions are known to cause a number of alterations in the 
human erythrocyte membrane if their concentrations are allowed to 
accumulate in the cells ( Carraway ^ aj,. , 1975; Lorand ^ al. , 
1983 ) . As not more than 15-20 % of the cells were hemolysed 
under these conditions, the observed effects of calcium may not 
be related entirely to their action on ghosts. Moreover, at lower 
concentration of PHZ the hemolysis was not significant yet 
significant effects of calcium ion were evident. Lack of 
formation of large amount of the aggregated material may be 
related to stimulation of proteolysis by PHZ and by calcium ions 
(Lorand ^ , 1983; Carraway ^ , 1975; Yamamoto ^ al. . 
1989). 
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The hemoglobin-free erythrocyte ghosts appeared more 
sensitive to PHZ treatment as most of the spectrin, band 3 and 
other proteins disappeared from the gel, in response to treatment 
with 2 or 10 mM PHZ (Fig. 22). These observations are contrary 
to those of Yamamoto ^ aX- (1989) and Arduni and Stern (1985). 
In a more recent study however Chakrabarti ^ (1990) have 
clearly demonstrated proteolysis and cross-linking of membrane 
proteins in the hemoglobin-free ghosts incubated with PHZ 
concentrations as low as 0.2 mM. We do not have any explanation 
for the contradictory observations of Yamamoto et (1989) and 
Arduni and Stern (1985). As shown in Fig. 23 since the oligomeric 
material dissociated on treatment with ^-mercaptoethanol, the 
involvement of disulfides in its formation becomes obvious. 
However the spectrin content of the ghosts was quite low, 
suggesting proteolytic degradation of these and other membrane 
proteins as discussed earlier. The isolated oligomeric material 
on re-electrophoresis migrated as spectrin, band 3 and a 
polypeptide in the 4.5 region. It is of interest to note that 
band 3 could not be observed in the aggregate formed as a result 
of treatment of intact cells with PHZ. Haest ^ ( 1977) have 
made similar observations using diamide, a SH oxidant which could 
cross-link band 3 only in the ghost but not in the intact cells. 
Sulfhydryl oxidants with longer reach, could however cross-link 
band 3 in the intact cells. Evidently the SH group of band 3 are 
not available for the formation of intermolecular disulfides in 
response to PHZ in the intact cells (Fig. 24) but the alterations 
that accompany hemolysis and washing facilitate such cross-
linking. 
As shown in Fig. 25 the ability of EDTA to partly 
restrict the PHZ-induced effects and inability of DM to restrict 
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the effect significantly, clearly suggest the involvement of a 
complex mechanism. It must be pointed out that unlike in case of 
lipid peroxidation, the formation of oligomeric material was 
significant in presence of the metal ion chelators. Using a 
lower concentration of PHZ Chakrabarti et ( 1990) have also 
shown that PHZ induced-changes in the membrane including the 
formation of oligomeric material cannot be completely prevented 
by pretreatment with EDTA. Although oxyhemoglobin stimulated 
lipid peroxidation, its effect on polypeptide composition was not 
very significant in the PHZ-treated membranes. Only marginal 
effects on the spectrin polypeptides, that too were not very 
consistent, were observed. It is true that under the conditions 
employed, inspite of the relatively low concentration of PHZ, t 
most of the spectrin polypeptides were already oxidised as a 
consequence of PHZ treatment and the effects could have been more 
obvious, had the experiments been performed at much lower 
concentrations of PHZ (Fig. 26). 
These studies show that hemoglobin-free ghosts derived 
from normal human subjects may still show most of the PHZ-
mediated alterations observable with intact rbcs. The relative 
contributions of hemoglobin, membrane associated hemoglobin, 
membrane associated heme and membrane associated metal ions are 
however difficult to ascertain. 
SUMMARY 
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A number of studies have described the effects of 
phenylhydrazine on human erythrocytes. Considerable differences 
however exist in the observations, especially those made in 
vitro. A detailed investigation of the effects of phenylhydrazine 
on intact human red blood cells and hemoglobin-free erythrocyte 
ghosts was therefore undertaken. Phenylhydrazine-induced lipid 
peroxidation, as measured by the formation of malonyldialdehyde 
was investigated both in intact erythrocytes and hemoglobin-free 
ghosts. Malonyldialdehyde formation increased as a function of 
phenylhydrazine concentration as well as time both at 37 and 4 
deg. C. This was observed in intact erythrocytes as well as in 
hemoglobin-free erythrocyte ghosts. For each ml of packed ghosts 
the amount of malonyldialdehyde formed was considerably higher in 
the ghosts as compared to the same volume of packed erythro-
cytes. Malonyldialdehyde formation was however dramatically 
decreased when the intact red blood cells were exposed to phenyl-
hydrazine in presence of the antioxidant butylated hydroxy 1 
toluene. Inhibition in the formation of malonyldialdehyde was 
observed at all the concentrations of phenylhydrazine investi-
gated although the magnitude of protection was higher at lower 
concentration of the drug. 
Protective effects of various quenchers of superoxide 
anion, hydroxyl radical, antioxidants and catalase were also 
investigated. Catalase and superoxide dismutase were capable of 
almost completely inhibiting phenylhydrazine-induced malonyldi-
aldehyde formation; so were the antioxidants thiourea and 
butylated hydroxy toluene that caused over 95 % inhibition. 
Mannitol, sodium benzoate and diphenylamine were also highly 
protective and caused inhibition ranging from 79-87 %. 
Incubation of the ghosts with the quenchers and antioxidants 
alone did not result in the formation of malonyldialdehyde. 
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Desferroxamine mesylate, a specific chelator of Fe(III) and 
ethylenediamine tetracetate were highly effective in preventing 
the phenylhydrazine-induced malonydialdehyde formation in the 
hemoglobin-free red blood cell ghosts. Malonyldialdehyde 
formation was however stimulated when human oxyhemoglobin was 
added to hemoglobin-free ghosts. 
Ascorbate stimulated the phenylhydrazine-induced malony-
ldialdehyde formation in the erythrocytes especially at low conc-
entrations. Phenylhydrazine-induced malonyldialdehyde formation 
was stimulated till about 1.0 mM ascorbic acid after which 
stimulatory effect decreased. In the hemoglobin-free erythrocyte 
ghost phenylhydrazine-induced malonyldialdehyde formation was 
inhibited in presence of ascorbate at all the concentrations 
investigated, both at 37 and 4 deg. C. Ascorbate treatment alone 
however resulted in significant increase in the malonyldialdehyde 
formation, both in the intact cells and ghosts and the effect was 
more marked at 37 deg. C. 
Calcium ions stimulated the phenylhydrazine-induced MDA 
formation in the intact red blood cells. The stimulatory effect 
was more evident at lower concentrations of phenylhydrazine. A 
small further increase in the malonyldialdehyde formation was 
observed when calcium ionophore was included along with calcium 
ions in the medium in which phenylhydrazine treatment was given. 
Butylated hydroxytoluene was only partially effective in 
restricting the malonyldialdehyde formation induced by the 
combination of phenylhydrazine and calcium ions. 
Membranes isolated from erythrocytes treated with pheny-
lhydrazine indicated a marked decrease in the sulfhydryl-content. 
The sensitivity of the membrane sulfhydryl groups to the phenyl-
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hydrazine-induced oxidation was far greater in the hemoglobin-
free erythrocyte ghosts. Ethylenediamine tetracetate was only 
partially effective while desferroxamine mesylate was ineffective 
in protecting the membrane from phenylhydrazine-induced oxidation 
of sulfhydryl groups. Various quenchers and antioxidants 
investigated also failed to protect the membrane sulfhydryl group 
oxidation. 
Formation of superoxide anion could be readily demons-
trated when hemoglobin-free red blood ceil ghosts were treated 
with phenylhydrazine. Ethylene diamine tetracetate restricted the 
formation of superoxide anion. 
Treatment with phenylhydrazine resulted in a small 
decrease in the concentration of all the phospholipid classes, 
which was accompanied by the formation of lysophospholipids. In 
phenylhydrazine-treated ghosts, the decrease in phosphatidyl 
ethanolamine content was more marked and spingomyelin less sig-
nificant as compared to that in the intact cells. 
Sodium dodecyl sulphate-polyacrylamide gel electropho-
resis of membranes isolated from phenylhydrazine-treated red 
blood cells led to increase in the coomassie blue staining in the 
region of bands 2.1, 4a and 4b. The preparations were rich in 
hemoglobin and contained an additional band of approximately Mr 
29,000. A significant increase in the high molecular weight 
material that failed to enter the gels and was retained at the 
top was also observed. In addition, most of the bands appeared 
diffused. When electrophoresis of the membrane of the 
phenylhydrazine-treated erythrocytes was performed in presence of 
P-mercaptoethanol, most of the high molecular weight material 
disappeared and the polypeptides migrated as sharper bands. Re-
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electrophoresis of the isolated aggregated material demonstrated 
the presence of bands corresponding to spectrin polypeptides and 
some weakly staining bands of Mr 70,000 and 64,000. Inclusion of 
2 mM calcium ions along with phenylhydrazine led to further 
decrease in spectrin polypeptides and the intensity of band 3 and 
few other bands in the 4.5 region also became less intense. 
The effect of phenylhydrazine on hemoglobin-free red 
blood cell membrane were somewhat dissimilar. Extensive cross-
linking of the membrane protein was evident when phenylhydrazine-
treated membranes were subjected to sodium dodecyl sulphate-
polyacrylamide gel electrophoresis. Spectrin polypeptides almost 
disappeared from the gel. Significant amount of the aggregated 
material was retained on the top of the gel and most of the poly-
peptides appeared cross-linked. Most but not all of the aggre-
gated material disappeared, when the gels were run in presence of 
/3-mercaptoethanol. The high molecular weight adduct migrated as 
spectrin, band 3 and most of the polypeptides of the erythrocyte 
ghosts on sodium dodecyl sulphate-polyacrylamide gel electropho-
resis, in presence of j3-mercaptoethanol. Desf erroxamine mesylate 
was not effective in protecting the membrane against changes 
induced by phenylhydrazine in red blood cell membrane. Ghost 
treated with phenylhydrazine in presence of ethylene diamine 
tetracetate showed the presence of significant amounts of 
spectrin polypeptides which were however of lower intensity than 
those of the control ghosts. Erythrocyte membranes exposed to 
phenylhydrazine along with oxyhemoglobin exibited a marginal 
increase in loss of spectrin and other polypeptides as compared 
to those treated with phenylhydrazine alone. 
These studies suggest that while hemoglobin may 
contribute significantly to the effects produced by 
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phenylhydrazine in the intact erythrocytes, comparable effects 
may be induced by the drug in hemoglobin-free ghost presumably 
due to the presence of traces of bound metal ions. 
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Network for Molecular and Cell Biology (MCBN) and Confederation 
of Scientif ic and Technological associations in Malaysia(COSTOM), 
in collaboration with Institiut Kimia, Malaysia (IKM) held at 
Penang,Malaysia between September 20-22,1991.(Regn.No.1005/1006 ) 
( Could not attend the meeting due to the non-availability of a 
travel grant ). 
4. Paper entitled " Phenylhydrazine-stimulated Oxidation of the 
Human Erythrocyte Membrane Lipids " accepted in Second Inter-
-120-
national Symposium on Clinical,Biochemical and Molecular Aspects 
of Fatty Acid Oxidation to be held between November 3-6, 1991 at 
Philadelphia, PA., 19104, U.S.A. 
